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PREFACE. 



The preparfttiou of this little book has be«n undertaken at the 
8ug£eBtion oF several persons who have presented their views to 
the writer from the varioua standpointa of the mannfactttrer, 
dealer, and user of steam machinerv, in which it was made to 
appear that a, small end convenient hand-book was greatly needed, 
one which would present to those who had no practical knowledge 
of the Bteam engine a summary of its principles and action ; the 
treatment to be simple and within the easy comprehension of any 
who shonld have occasion to read it; that it shall afso contain 
Boniehints in regard to the selection of steam machinery, and 
advice as to ita care and management when in use. 

It was with some hesitancy and many mi^vings that the book 
waa undertaken, because it seemed doubtful whether bo large a 
subject could be successfully presented by so small a book ; and 
be of any practical value to the }>ersoua for whom It was intended. 

In the presentation of this subject so as to advise the purchaser 
what to buy, and then instruct another Low to usa i', nas beset 
with more difficulties than was anticipated at the beginning; I 
have endeavored to be faithful to b(-th pcftiae and the reader will 
have to decide tor bimselt as to whether the advice given is the 
best or not. The sharp limitations aj U. Epac^ prev«^f.ted illastra- 
ted and descriptive articles, which would have aJtiied much to the 
appearance and attractiveness of the book. 

The manafacture and use of steam engines for small powers 
has within the limits of a single generation grown into gigantic 
proportions. "When it is known that more thajl half, and per- 
haps three-fourths of tliese engines are to bo managed by men 
who have bad no previous experience in the management of 
steam machinery, the educational value of a reliable book of ref- 



erence can harilly be over-estimated. It la useless to say that 
Bucti iieraona should not be entrusted with the care and manage- 
meat oC eteam boilers, it in nevertbeleBS a fact, and a fact likely 
to continue for years to come, from the very nature o{ tlie c 
Recognizing this, eeveral manufacturera in urging the preparatioi 
of this book, B^d : " We want a little book that we can afTord to 
give each purchaser of an engine and boiler, one which will give 
him hints and suggestions in regard to their proper use." 

This demand comes also from the farmers, a. class of men who J 
must have engines whether they know how to use them or n 
These persons do not want an elaborate treatise on the Btei 
engine, but simply a little hand-book which shall furnish a c 
tain needed information and nothing else. 

The reason why proportions and details oF construction i 
omitted is because the persons for wliom this little book is p 
pared are not manufacturers nor dealers, but simply users of i 
eteam machinery. The engine comes into their hands a complete J 
working machine; the end and aim of this book is merely to 
present the leading features of engines and boilers now in th 
market, and to assist the reader in making a suitable selectioi 
and then to give some practical hints in regard to the proper care 
and management 

William M. Bari 

Ind^^poiig. ip^., -^I^y; I35Q.;: 




CONTENTS. 



CHAPTER. PAGE, 

I. Fuel ami Combustion 7 

11. Heat and Steam 14 

III. Selection of a Boiler 23 

IV. Boiler Appendages and Furnace 31 

v. Care and Management of a Boiler 40 

VI. Boiler Explosions 53 

VII. Selection of an Engine 61 

VIII. Care and Management of. an Engine 76 

IX. Portable Engines 86 

X. Care and Management of a Locomotive 112 



// 



CHAPTER I. 



FUEL AND COMBUSTION. 

The engine, boilere, snd furnace being erected, the proper etart- 
ing point wliitjh suggests itaell for this little liand book ia fael. 

We liave in this country wood, peat, lignite, bituminous, semi* 
bituminous and anthracite coals available as fuel. Perhaps the 
most abundant and lowest in price of tbe fuels named is bitu- 
minous coal. It is found m nearly every state in the union and is 
especially plentiful and cheap in tbe Western and some of the 
Southern States. 

East of tbe Allegheny mountains anthracite coal is to be had in 
abundance and is a. very desirable fuel. It ia very nearly pure 
carbon, yieldsaa intense beat, ami burns without smoke. It is the 
chief foel of Pennsylvania, Maryland, New Jersey, New York, 
Connecticut, Massachusetts and Rhode Island. 

In other localitieB the forests still furnish an abundance of cheap 
fuel, and the furnaces are arranged with reference to its use. 

CombuBtloD, as generally understood by steara engineers 
means the rapid combination of the carbon anil hydrogen of tlie 
fuel with tbe oxygen of the atmosphere, for the purpose of gene- 
nting heat. 

The active agents in tbe generation of heat from fuel are mainly 
the union of the carbon and hydrogen in tbe fuel, with the oxygen 
of tbe atmosphere. How heat ia produced by tEiis combination is 
not certainly known, and has been largely speculated upon by 
specialists. Professor Tyndall says "all cases of combustion are to 
be ascribed to the collision of atoms which have been urged 
together by their mutual attractions." That is, the atoms of carbon 
and oxygen under certain conditions have such an affinity for 



each other that they rush together with such violente tlint they 
produce heat and light by eolhsion, just as a flint and ateel produce 
light and heat by colliBinn. This is the accepted theory, hut why 
it ie BO, or liow to account for it we do not know, hut we do know 
Bomething of the conditions necessary to combustion. 

It is known that carbon and oxygen, or hydrogL-n and oxygen, 
will remain together as aniistureat ordinary temperatures almost 
any length of time without entering into that condition wo 
ignition and combustion. The onlinary toal gaa used in 
houses is a hydro-carbon gas, that is, a gut) composed of hydrogen 
with carbon entering into its composition. IC the cock to a burner 
he opened the gas will escape, but the only effect discovered will 
he a disagreeable smell ; if however, alighted match !« introduced 
into this jet of escaping gas, ignition and combustion imme^liately 
follow. From tbis simple experiment we know that one of the 
conditions necessary to combustion is that the two gases, the < 
escaping from the gas burner, and the oxygen of the atmosphi 
must be raised to a certain temperature. Nor is this all, this tem- 
perature must bo continuetl or conibustion will cease. This B 
principle applies to the furnace, or a. stove, or any utltor place 
where combustion is to be elTcctciI; oiikb ignition has taken place 
and combustion begnn, it may be continued so long aa the condi- 
tions are favorable for it 

The union of these gases, carbon and oxygen, and liydrogen and 
oxygen, octrura in certain fixed proportions. Carbon will unite 
with oxygen in tlie formation of two sepamle compounds known 
as carbonic oxide (C O) and carlionic niid (C O i) as follows : 



The latter is llje ]iroilnct of iferfe<:t, the form* 

Hyilrogen, when similarly burned, 
the proportion of one part of hydrogen 
by weight, and forms water, (H » 0). 

The heating powers ot carbon and hydrogen m 
thns:— 



iles with oxygen in 
i)"ht jwrts ot oxygen, 



Onepoand of carbon mn'li us jinre rhnrfoal oroolte will liberate 
■by combuslion, Buy 14,500 litat nnila, it tbe prwliict of uombuBlion 
be carbonic acid gas, or — 

One ponml ot csrlMin micli as imre chiin-oal or coke will liberate 
by combuBtion, Bay 4,500 heat units, if the prodiiul of combuBtion 
be carbonic oxide gas. 

It will be Been that there is b difference of 10,000 heat units in a 
total of 14,500 whether the cnrbon lie biirneil to i-arbonie aciil or 
carbonic oxide gas, and illustraleB the 'difference between partial 
and coBiplete connbustion. 

One pound ot gaseous hydrogen gimilarly burned would yield, 
say 62,000 heat unitB; when the hydrogen is to lie distilleil from 
the coal in the furnaL-e it is somewhat less as a certain amount of 
heat is required to liberate it from the fuel. 

Practically, the question is a commercial rather than a theoreti- 
cal one; the fuel which the immediate locality suppliea is the one 
to bo UBe<i i Bonnetinies it ih n question whether nnthracil« or 
bituminous coals shall have the preference when both are com- 
peting in the same tnarkeL 

The construction ot the furnace and other considerations will 
generally determine which is to be used. As a general practice 
the grates are placed lower in the furna(« for bituminoue than for 
anthracite coal, the latter lieing alxiut IS inches, the former 24 tn 
30 inches. When a boiler furnace is constriicted tor anthracite 
coal it is perhaps ttetter to continue its uaeunlcse the difference - 
in price is such that it will pay to lake out the^old front and put 

There ia not much difference between (he healing power of 
the best bituminous and anthracite coals when taken at equal 

Wlietter wood or coal shall be iised ux a fael in generating 
steam will depend ujwn the relative cost and heating jiowerot 
each. In order to determine this it will he neceasary to know 
among other things what there ia in each of the fiii;Is offered 
from which heat may bo generated ; and then how much of these 
combustible elements are contained in each of the two. 

In the analysis ot woo<l we find the following substanceB, and ii 



ftverage composition the figu 
our present purpose : 
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a given are near enough correct tor 



Of the above only the carbon and hydrogen are ctmibustible, 
tliut ia, theee two elementa unite with oxygen and result in a dia- 
eugagement of beat, the total quantity oE which may easily be 
approximated in BOmeBuch way as this; 

One pound of pure carbon, eucb as charcoal or coke when per- 
fectly bunied, will raiae the temperature of 14,500 jioundsuf water 
one degree Fahrenheit, from 39° to 40°. One pound of hydrogen 
when similarly burned wiU raise the temperature of 62,000 pounds 
of water in the same amount ; thus it will bo seen that the heating 
power of hydrogen ia more than four times as much aa carbon. 

The next clement in the table ia oxygen ; this is a supporter of 
combustion, and in order to get it into the fire we arrange open- 
ings in the grate bars for air to pasa tbTough, aud thus allow the 
oxygen in the air to combine with the carbon or hydrogen in the 
fuel, and in thia way lieat is generated, as we usually express it. 
The presence of oxygen in any fuel to beburn»d is a bad thing, 
because it lowers the boat producing power of tlie fuel and it does 
it in tbis way : ^'hcn oxygen and hydrogen are present in the 
same fuel they unite to form water. Oxygen unitea with one- 
eigbth of ita own weight of hydrogen to form water; thus J of 41.3 
equals 6.16 ]>er cent, of hydrogen rendered useleasin the luel 
because of the presence ofoxygen in it at the same time. 

For tbe theoretical heating power of the wood we take all the 
carbon 4B.70 per cent, and only O.ilO per cent, of liydrogen (COtl — 
5.10=0.1)0.) 

To get the heating power o( one pound o! woo<l we have, there- 



Thia doea not take into account the losa ot lieat ocL-asioued by 



u 

the presence of 1.05 percent, of nitrogen, which is not a. eupporter 
of combustion, but wiiich is hentetl lo tlio same temperature as 
the otlier gaBtiB hi the fire. 

It should he uiulerstood that the above total number of heat 
nnitB in one pound of wood is for wood perfectly dry and specially 
prepared for analysis. Ordinary wooil not dry, will coHtain about 
one-third of its weight o( water. To evaporate this requires an 
«xpenditure of a portion of the heat already generated in the ' 
fuinace. lu addition to tliis there is more air admitted to the 
furnace than is needed for combustion by nearly one hundred per 
cent. Tiiis lias the effect to lower the temperature ; bo that, 
takii% into account the Iosscb incident to burning wood, we have 
scareely more than 5,500 heat units as actually available In the 
combuBtion ot one pound of wood. 

In estimating tbe heating power of bltnmlnous ooal, a proxi- 
mate analysis is made to ascertain the amount of water present in 
the sample; this is done by evaporation; then, to ascertain what 
quantity of volatile combustible matter it contains ; and lastly the 
quantity of coke. The latter also includes all the earthy matter 
known as ash. Excluding the ash from the coke gives the fisced 
carbon. An average analysis of bituminous coal will not vary 
much from the following: 



Proceeding in the same manner in whicli we ascertain the 
theoretical heating powerof the wood, we have tlien in one pound 



In tlie above calculation the moisture Iihs lieuii deducted and 
the heat units of the volatile cuuibustible matter given as ascer- 
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tained by calorimeter tests; we tbea have 13,660— 7,706— 4,885 
more heat units in one pound of bituminous coal than in the wood. 
If we take into account the various loseea incident to burning 
Uiie ponnd of coal, exclnding the moisture, as thia loes is already 
taken into account, we shall liave not far from 13,000 effective unita 
of heat. Then 



To put it in another shape, one pound of coal is equal to 2.3ft 
pounds of wood. 

Wben good bituminous coal is used under a boiler with chim- 
ney draft, the combustion being complete and no great excess of 
air admitted to the furnace, it ought to evaporote ten pounds of 
water per pound of coal, good wood will evaporate about flvB 
pounds. There is not much difference in the heating power of 
the several kinds of wood when equally dry and taken pound for 
ponnd. If we take 2240 pounds per ton, then : 

OnetminweiBht «iMl«. 1.3 nmli. White Knc, 



It is customary in evaporative tests to fix the heating power of 
good dry wood at 0.4, that of good coal. Assuming this, we have 



■' M«plolhnn1) " I.IS" " 

To fix » commercial value on coal and wood base<I on what ha« 
already been given, and taking $1.00 as the basis of calculation as 
the valne of a ton of coal, we shall have; 
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The use of the above table is too obvious to need much of an 
explanation ; if good coal is worth $4.75 per ton. the relative price 
for liard maple would be $.75x51=>$2.42 per cord, or $4.75x60» 
$2.85 per cord for southern pine, and in this manner for any other 
wood given in the table. 

Whatever kind of fuel may be selected for regular use, its 
nature will have to be studied and the fire regulated accordingly. 
Some kinds of coal will not stand urging as much as others, on 
account of its forming a clinker which is not only difficult to 
remove from the grates, but acts as a hindrance to a free and per- 
fect admission of air to the burning fuel. Coal of this kind should 
be spread over as large a grate area as possible, that the combus- 
tion be slow. Coals which burn to a red ash are more likely to 
yield a clinker in an intense fire than coals burning to a light 
brown or white ash. 



CHAP. II. 



HEAT AND STEAM. 

The tteam engine is.n maeliinetor the eonveraion of heat into 
power in motion. The lii^at is g<^Rerate<I by tlie combuBtion of 
fuel ; the tranetnisBioii is accompliElied through the agency of 
Eteam ; the power is made available and brought under control by 
meane of the engine. 

The effect of heat nptm water is to vaporize it, if there be 
intcnBity enough, the heat will under proper conditions cause 
water t« boil ; the vnpor produced ])y boiling ia called eteam, and 
steam under pressure is & prmluct which ia the end and aim of 
that portion of the steam engine known aa tlie boiler and furnace. 

The steaia engine then is to be considered as a form of heat , 
engine; of which the furnace, boiler, and the engine itself aretO' 
be regarded as separate portione of the same mechanism. 

The conditions demanded upon economic grounds to eecare 
the highest efhciency in the steam engine are : 

1. A proper construction of the furnace so as ti 

perfect combustion of fuel. 

2. The heat generated in the furnace must be transferred to the- | 

water in the boiler without loss. 

3. The circulation in the boiler must be so complete that tJ 

heat from the furnace nay bo quickly and thoroughly 
diffused throughout the whole body of water. 

4. The construction of an engine that will use the steam with- 

out loss of heat, except so much as may he necessary to 

perform work required of the engine. 
6. The recovery of beat from exhaust steam. 
6. The ahsenee of friction and back pressure in the working of 

the engine. 



LOW BY BAD PIRlHa. 15 

It is BnperSuoiis to gay Ibtt these conditions are not laJfilleil ia 
any engine of the present day. At best the combustion oi Iiiel 
is only approximately perfect, the loRses beiiiK tlue to eeveral 
canBes among which are, — unbumed fuel falling through the 
spaces in the grates and mingling with the aehes. This, with 
some kinds of coal, anil improper firing, amounts to a large per- 
centage of the furnace waste. 

- It is not ]>ossible with any present nietho<l of setting boilers to 
transfer all tbe heat of the furnace to the water in the twiler ; nor 
can there be far the reason that, the temperature of the escaping 
gases must not lie lower than that of the steam in the boilers, or 
direct loss will result in tbe radiation of heat from tlie tubes or 
flues in the boiler, by thus reheating the gases to the steam tem- 
perature. 

If the steam pressure is 80 lbs. per square inch above the 
atmosphere, the corresponding temperature due to this pressure is 
324° Fahr, The temperature of the escaping gases ought not, 
therefore, to he less than 350° Fahr. where they leave the boiler 
flues or tubes to pass off into the chimney. 

If the temperature of the furnace he taken at 2000° Fahr. and 
the escaping gases at 400° Fahr. it will be seen that one-fifth o{ 
the heat generated in the furnace is passing off without perform- 
ing work. This ia a very great loss, and these figures understate 
rather than correctly give the loss from this one source. 

Efforts have been made to utilize the temperature of these 
waste gases by making them heat feed water by means of coils, or 
by that particular disposition of pipes and connections known as 
an economizer. Others have turned it into account hy making it 
heat tbe air supplied the fuel on the grates. Any heat so re- 
claimed is money saved, provided it does not cost more to get i( 
than it is worth in coal to generate a similar quantity of heat It 
ia doubtful whether tbe loss in this particular direction can be 
brought below 20 per cent, of the fuel burned, at least, by any 
method of Having now known. 

Tlie loss by had flrlns and by a hail construction of furnace is 
often a large one. It has been demoustrateii experimentally that 
SO to 30 per cent of fuel can be saved hy n proper construction and 
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operatitiS of the furnace. The direct (Wuses of losa are, too low 
temperature of furnace lor proi>er]y biiniing fuels, especially audi 
asare riuli in ]iy<lro-carlK>n gsHes; or, by the adtnisBiou of too 
inucli colli iiir over or Ijatk of the lire ; or liy the aUmission of 
too tittle air under the Ore bo that CHrlwuio oxide gne is generated 
inateatl of car1:ionic acid gas, the former )>eiiig a product of incom- 
plele, the latter the jiroduct of complete conibriation. 

The relative beating powers of fuel burned, reBultingiii the pro- 
duction of either of these two gaeee being as tollows : 



It will be Been that here is an enormous source of loes and all 
that is required to prevent it ia a proper conatruction of furnace. 

Smoke is a nuisance which ought to be prohibited by stringent 
legislation. 

There is no good reason for its polluting presence in the atmoB- 
pbere, defiling every tiling witb whicli it comes in contact. Hmoke 
regarded as a source of direct lose is greatly overestimated, the fact 
is, the actual amount of <«al lost to produce auioke is very trifling. 

The presence of smoke indicates a low temperature of furnace or 
combustion chamber; if the temperature were sufficiently bigb 
and the furnace properly constructed, smoke could not be gene- 
rate<l. The prevention oC smoke is easily accomplished, and with 
it a more economical combustion of hydro carbon fuels. 

Radiation. — A considerable loss of heat occurs by radiation from 
the furnace walls ; this may Ije prevented in jiart by making Ibe 
walls hollow with an air space between. If a force blast is used 
the air may be admitted at the back end of the lioiler-setting and 
by passing through between the walls will l)ecome healed and it 
conveyed into Ihe ash pit at a high temperature will greatly asaiat 
combustion and thus tend to a higher economy. 

Air ref|nireddn reganl to the quantity of air required, it will 
Tsry Bomewhat with Ihe fuel used, hut in general 32 pounds of 
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air are eufficieut lo toinplelelyburn one [lound of coat ; practically 
however, 15 to '2Ty jwuhiIb iire fiimislieil, Iwiiig larfe'tfly in excess ot 
that which tlie fire can use, and must ]insa oS with ttie gases as a. 
■WBBte product. 

Xhis surplus air enters colli and leaves the furnace heated to the 
same temperature br tiint ol tlie legitimate and ])rotier product* o£ 
combustion, and thus directly operates to the lowering of the fut- 
naee temperature. 

Seasnrement of Heat. — A heat unit is that quantity oF heat 
necessary to raise the temperature ol one pound ot water one 
d^ireo, from 39° to 40° Fahr., this being the temperature ot the 
greatest density of water. A thermal unit, heat unit, or unit of 
boat, all mean the same tiling. 

Experiments have been made to determine the mechanical 
«quiyalent of a beat unit, and it is found to be equal to T7S pounds 
raised one foot high. Tliie is sometimes called "Joule's eqniva- 
lent," after Dr. Joule of England, it is also known as the dynamic 
Talue of a heat unit. 

Knowing the number ot heat unitsin a pound of coal enables us 
to calculate the amount of work it should perform, l^t us sup- 
pose a pound of coal to be burned to carbonic acid gas and to 
^lerelope during its combustion 11,000 heat units, then : — 

14,000x772—11,008,000 foot pounds. 

That is to Bay : if one pound of coal were burned under the 
above conditions it would have a capacity for doing work repre- 
sented by the lifting of eleven millions of pounds one foot high 
against the action of gravity. Suppose this to be done iu one hour 
then we should expect to get froiuoneiioundof coalanequivalent 
ot 5.56 H. P. It is well known that only a very small fraction of 
such equivalent ia secured in the very best modem practice. The 
question is where does this lieat go, and why is it so small a por- 
tion of it is actually utilized? 

The losses may he accounted for in several ways and perhaps as 
'ollows : 

Thigpjjh liK.1 BrliiK W 

Hut BtWpniiUHi tor by Oio engine (dM Inrtiented) Ii> 

HOiitloniiytHlauiinMni Jt 
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This ia about 2 pounds of coal )ier Iioiir peT indicated liorse 
power, which is regarded as a very liigti atiaioiueut and is seldom 
reached in ordinary cut off eagines. 

It requires good coal, gooil firing, and an economical en^ae to 
get an indicated horse power from two pounds of coal burned per 
hour. As coal varies in quality it is a better plan to deduct the 
ashes and other incomlmstible matter and taie the net combustible 
as a basis of comparieon. 

Tlie best coal when properly burned is capable of evaporating 
15 pouuda of water from tad at a Ieni|>erature of 2!2° Fahr. The 
common evaporation is about half tliat amount, and with the best 
improved furnaces, and careful management it ia eeldom tliat]0 
pounds of water is exceeded and is to l>e regarded as a high rate 
ol evaporation. In. experimental tests 12 pounds liave been 
reported, hut it is doubtful whether there is any eteam boiler and 
furnace which is constantly yielding any such results. 

Circulation of water in a boiler is a very important feature to 
secure the liigheRt evaporative resultB. Other things being equal 
the boiler which afTords the beat circulation of water will hn found 
to he the most w-ononiical in service. Circulation ia greatly 
hindered in some boilers by having too many tubes; in others, by 
introducing in the water ejiace of the boiler too many stays and 
making the water spaces too narrow. . 

To secure the highest economy there must be thorough circula- 
tion from lielow upwards, in the boiler. There is no doubt that a 
great deal of heat is lost because the construction is such as to 
hinder a free flow of water around the tubes and sides of the 

Th« construction of au engine that will use steam Trithont l«8a 
of heal, except so much as may be necessary to ])erform work 
required of it, is a physical imrwssibilily. Among tlie souroea of 
loss in an engine are:— radiation, condensation of steam in unjack- 
«teil cylinders, and the enormoua loss of heat occasioned bjr 
exhausting the steam into the atmosphere. 

Radiation is usually classed among the minor losses in a eteam 
CDjpne. There is a considerable loss of heat caused by nidiatioa 
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from fiteEEQ boilers and pipes exposed to the atmosphere, and not 
protected bj a suitable covering. 

Much of this heat may he saved hy employing a non-condncting 
material as a covering which, though not preventing all radiation, 
■will save enough heat to make its application economical. It is 
well known that Borne bodies conduct and radiate heat less rapidly 
than others, but it must not be understood that the absolute value 
of such a covering is inversely proportioned to the conducting 
power of the material employed, because in ita apjilication the 
outer surface is enlarged and the radiation will be going on less 
actively at any given point, but the enlarged surface exposed 
reduces somewhat the apparent gain. 

Covering BoQersand Pipes. — Locomotive boilers baveacosing 
of wood around the boilers and covered with sheet iron, this 
makes a very good and low priced covering, and is also well 
adapted to portable engines. 

Owing to the competition and consequent low price at which the 
latter engines are offered tbey are seldom covered in this way. 

Stationery boilers generally have the side walls carried up to a. 
height of a lew inches above the top of the boiler and this space ia 
filled in with dry ashes. There are now in the market several 
proprietary articles which have been found quilfi efficient in pre- 
venting loss by radiation, among these are air space coverings, 
asbestos, and others of which the composition is not made known. 

Steam JacketB.—This term is commonly used to designate a 
steam tight casing around an engine cylinder, and which it is 
intended shall be kept filled with steam, that the inner cylinder 
shall be maintained at a temperature equal to or higher tlian that 
of the steam before expansion begins. The particular object in 
jacketing steam cylinders is to prevent the condensation of steam 
within the cylinder during any portion of the stroke. 

When steam is admitted into an ordinary cylinder, the lempe- 
rattire of the cylinder itself is lower than that of the steam, con- 
sequently the steam gives up to the cylinder so mach of ils heat 
as may be necessary to equalize the temperature. This r>ccasion8 
loss of pressure, which means loss of beat, thttt«b»%^ \\m 
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steam has less capacity to do work ; the usual expression for ihU 
is " waste of energy." If the cylinder is BUrroundeil by a hody ot 
steam et full lioiler pressure, its temperature will be higher than 
that of the inflowing steam and no such condensation will lake 
plate and there will be nothing within the cylinder but dry 
steam throughout the stroke. Condensation ia going on just the 
same however, but it is transferred from the cylinder where the 
, pressure is variable, to the steam jacket, where the pressure i; 
constant. 

However satisfactory the theory ot the steam jacket may Ire, it 
has Dot always been satisfactory ill its practical workings, 
donbt much of this ia duo to defective design, and to incompetent 
handling after erection. It is doubtful whether it is ot any special 
advantage !n ordinary high pressure engines cutting off not 
earlier than 3 to i stroke. When a largo engine is working with 
high grades oF expansion, say I oii cut off, then a steam jacket 
may be ot advantage. 

One thing is certain with respect to steam jackets, and that la, 
the water of condensation niust not be allowed to collect in 
jacket, and that ia about the only duty devolving upon the 
engineer. If this is not carefully attended to, an efficient steam 
jacket may be made not only inoperative, but result in a greater 
waste through enormous condensation, than would result it the 
engine had no jacket ai 

It must not be supposed that the benefits occurring or likely to 
occur from the use of a steam jacket are confined to large engines ; 
the reason why they are seldom applied to small engines is on 
^^^^B account oi the increased cost of manufacture, and the change 
^^^^^^ required in the patterns for cylinders to be so fitted. 



Condensation in Steam Cylinders.— This is a source of waste in 
all steam engines in ^\'hich no special provision lies lieen made to 
prevent it. Tlie two methods nanatly employed in its prevenUon 
e either superheating the eleam, or by the use of a steam jacket 
around the cylinder. 

jntirely prevent condensation would require that the 
cylinder and piston he made of a nom;onducting and a non- 
^almorbiag material, this would jirevent any waste of fuel by con- 
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duction and radiation. Condensation occurs through another 
cauite, and whii^h L-annot be thus remedied ; Uiat is, the i^ondensa' 
lion of Bt«am due to tlie perCormance of work in the cylinders, 
but this can hardly be reckoned as a loss or waste of fael. 

So far as choice of inaferial for a eleam cylinder goes, we are 
practically confined to cast-iron, which is a good conducting mate- 
rial and absorbs beat rapidly during the first part of the stroke 
and as the temperature falls within the cylinder gives it out 
rapidly during the latter part of the stroke, if it is a cut-off engine 
or one in which the Bteam is used espauBively ; the Iohs continu- 
ing during the whole of the return stroke of the piston, and which 
reaches the maximum iE the engine bo a condensing one-, the loss 
o£ heat being less if the steam be exhausted into the atmosphere 
with the usual two or three pounds back pressure. 



The use of sujierheated steam has not been em^oyed in high 
pressure steam engines, except in rare instances and under circum- 
Httmcea which cannot ordinarily be trustetl, or safely confided to 
the care of an ordinary workmen. 

The objections to a steam superheating apparatus are princi- 
pally the excessive wear and tear to which it is subjected and 
which makes it yery eapensive to operate, together with the 
danger of accident likely to result hy having a high steam pressure 
within an over-heated pipe or chamber, and the mischief the 
steam itself is likely to occasion the valves and piston hy destroy- 
ing the lubricating qualities of the oil between the wearing 
BUrfaces. 

ExIiBUst steam.— The recovery of heat from exhaust steam, 
and its tttilization without interfering with the performance of the 
engine, is as yet an unsolved problem. In a. non-condensing 
engine more than half the heat generated hy the combustion of 
fuel in the furnace ia carried away in the exhaust steam as it 
escapes into the atmosphere. The reduction of pressiira during 
tiie entii'e atroke of the piston ia favorable to the abstraction of 
heat from the cylinder during the period of exhanst, and resnltB 
in greater or less loss of heat, depending on the time occupied. 
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This may be lessened somewhat by the early dosing of the 
exhaust valve and thus compressing the steam up to. as near as 
possible, the pressure in the steam chest A high piston speed 
and rapid rate of revolution will very materiallv contribute to 
economy of heat by lessening the quantity abstracted by the 
exhaust* 




CHAP. III. 



SELECTION OF A BOILER. 

Tlie aelectioii of n boiler for a jwirticular service will naturally 
BUggeat the following qiieslionB;— 

1. Whut kind of a boiler eliall it be ? 

2. Of what material ehallitbe made? 

3. IVhiit size ehal! it bo in order to IiirniHh a eerlain power? 
In reply to t!ie first question it is to be expected there will 

be widedifferences of opinion varying willi the locality, usage, and 
service for vhich it is intended. 

One of the first things to be taken into at.'count in the selection 
of a. boiler ia the quaHty of water to be used ia it for generating 
steani. If the water is pure, then it makes little diflerence what 
liind of boiler be selected so far as incrustation affects selection. 
If the wat«r is hard and will deposit scale upon evaporation then 
a boiler should be selected which will admit of thorough inspec- 
lion and removal of any deposit formed within it. 

For hard water, the ordinary two flue boiler will be found a 
good one, an it ia favorable to a thorough circulation of water, and 
jiermil^ easy aucesa to all jwrts of it for exainiimtion ami ^leaning. 
It does not, however, present the extent of lieating surfaci! for a 
given sjMice that tubular boilers offer ; but with liard water the 
boiler is quite as economical if kui>t in good condition. 

The dlfflcnlty with tnbnlar boilers when used in connection 
witit liard water is that the tu1)eB will in a short time become 
coated with scale; this iirevents the transmission of heat not 
cnly, but impairs the circulation of the water around them. Both 
of these are opposed to economj- in the fact that it requires more 
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ciial to generate a given weiglit of Bienm in the first case; and 
Beconil by reason oF ilelieient circulatiun, tlie plates over tlie £ra 
are likely to become overheated and liumt anil so become danger- 
ous; thuB directly contributing to accident or disaster. 

Tlie matter of <;irculation iu lioilera is one 'which should havA 
careful attention in making a selection. There is little trouble ia 
this regartl with any of tlie ordinary types oE boilers so long as 
they are clean and new, and properly proportioned. Nor is there 
likely to be any difllculty thereafter if the water is soft and dean. 
Circulation is often seriously impaired by putting in too many 
tubes in a boiler, the effect of which is to so fill up the space that 
the heated particles of water forcing their way upwards from below' 
meet with so much resistance Uiat they can hardly over 
and the result is that a boiler does not furnish .from one-fourth to 
one-half as much steam for a given weight of fuel as it ehould, 
from this very cause. 

Boilers intended for use in distant localities where the faoilitiw 
for repairs are meager or entirely wanting, and fuel low priced, 
should be of the simplest description. Cylinder boilers or two 
Sue boilers will perhajis l>e found most suitable. These arv 
largely used by coal miners, blast furnaces, saw millK, and other 
branches of industry whicli must of necessity be removed from 
the larger towns and engineering work shops. 

In selecting: a boiler Tor a planing mill or any other place in 
■which the fuel is of similar description and the firing irregnlar, 
there should be large water ca^iacity in the boiler that it may atAi 
as a resen'oir of power in much tiie same way that a fly wheel 
as a regulator for a steam engine. It is a common notion among 
wooti-workers that firing with shavings or light fuel is ''easjolh 
the boiler." There ia abundant reason to doubt this. Thesuil* 
denness and the rapidity with which an intense fire is kindled ioc 
the furnace, filling all the furnace space and the tubes with flame,' 
and with an intense heat which envelopes all within the limits of 
draft opening, continuing thus for a few minutes only, and *»- 
suddenly going out, can hardly be reganled as the ideal furnaee. 
Yet there are thousands of just such furnaces at work, and it ia 
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Altogether probnble that little or no diange will be iiimle in tlieui 
liy tliia cIbsb oI inanufaclurers, iit least in Ibe near Iiiture. 

In regani to tlie selection of a boiler for ttiia service, we are 
brouglit back again to the qiiestion of Iiani or soft water. The 
iledsion ehould be largely influenced bytbia, Imt wlialever type of 
iKtiler ia selected them should beaaurplusof boiler power of at least 
20 per cent., that is if a 30 horse power boiler is needed to do tbe 
work, pnt in one of 00 horse-power, thia will prevent Ibe Huctua- 
lioiis lit speed in the engine which are sure to follow a reduction 
of Ijoiler pressure. 

Tliia iucrease in boiler {lower ought not to be simply timt of tube 
surface, but should also ini-iude extra water space, Tlie reserve 
power of a boiler ia in tiie water healeil up to a temperature cor- 
responding to the sleain pressure, when this pressure is lowered 
the water then gives oir steam correspondingto tbe lower pressure, 
tlie more witter the more steam, and in tliis way the water in the 
boiler stores up heat when overfire<l, to give it offa^iin when tlie 
ftre ia low, oiid bo acts a regulator of pressure, a thing that extra 
tube surface cannot do. 

Tliis kind of firing ia apt to induce priming, and for this reason 
n boiler should bu selected having a lai^ water siirfnce. Horizon- 
tal boilers are, in general, lo lie preferred over vertieai onea for 
planing mills because of tbe larger water surface exposed in pro- 
portion to the healing surfai'e. If a. tubular boiler is selected, tbe 
water line above the tubes should- be not higher than two-thirds 
the diameter of the boiler measured from Ibu l>ottom, and tlie 
boiler should be made having the upper edge of llie top row of 
tubes at least three inches l>elowtbiB, there should also be a dear 
space up tlirougli the center of tiie boiler of sufficient width to 
insure a perfect circulation of water. 



Borlzotilal tubular boUers are to be recommended when pure 
soft water is used. They combine at once tbe qnalities of great 
strength without excessive bracing, large heating Burra<«, high 
evaporative capacity without liability to priming, and are conven- 
ient of access (or csternal and internal examination when set in 
Uie furnace. 
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Boilers oC this class are njit to coiitBin loo iiiauy tuliea, and are 
tiius reudered less efficient llian if ft Binaller number were uaed 
jar the Bame diameter of elicU. 

The tubes should be not less than three ineliea and are seldom 
more than four inches in diameter, when secured to the lieads by 
expanding. The tnbes may be three inches for all diameters of 
ahell up to 4S inches ; for diameters of shell ranging from 41 to 
GO inches, tliree and a half inch tubes may l>e uaed ; and for dltun- 
eters of shell from 48 to 72 inches the tubes may be four incbes ii 
diameter. 

In regard to lengtli, 3 inch tubes may Ire used up to Ji to 14 ft; 
3} inch tubes from JS to ](■ feet long, and 4-inch tubes from 14 to 
13 feet long. 

The space between the tubes should be at least one-third their 
diameter, and lliere should be ample space between the nearest 
tube and the shell (or circulation of water np the sides of the 
boiler ; a center space should also )>e allowed in boilers of large 
diameter, say in all boilers over 48 inches in diameter. 

Flue boilers are not regarded as being quile so economical as 
tubular boilers. In a '■ competitive teat " they would probably be 
" figured out" on the score of economy, yet with all tlieir apparent 
wont of economy they are not to be despised; on the contrary, 
there are circumstances or conditions in which they are to 
strongly recomniended. Chief among tlie the advantages claimed 
for this style of boiler may l>e mentioned the fact that it affords 
every possible facility for examination and cleaning. In thia 
respect it is second only to the cylinder boiler. 

Boilers of this kind should be fitted with two man heads ; 
at tlie back end above and the other at the front end underneath 
tlie flues. 

The iirincipal danger connected with this kind of a boiler is the 
liability of the flues to collapse, and for this reason the boilers 
should not be made excessively long, nor of very large diameter of 
flues. The commonest diameters for two flue boilers are from 40 
to 44 inches ; the fluea are iiaunlly one-third the diameter of the 
shell ; the lengtlis do not as a general thing vary mucli from six 



timea lije tliameter oE tlic bbeU. These may 1)e taken na fair 
average proportions. 

Five FIdo Boilers. — Boilers are also made with eeveral lai^ 

flues, jmrliaiis the five flue boiler is the oftenest uietwitli; the 
arraiigement l>eiuK that o( three large flues above and two smaller 
ones below. This is not a very ilesiratite form of construction, and 
hu little to recomoioud it over the two fiue boiler. 

Instead oC a five flue Iwiler, it is perhaps jireferable to take the 
same diameter of shell and insert as many six inch lap-we!ded 
flQesaaitwill contain allowing three inches water space between 
tho flues and the aide of the Bhell. 

Boilers of this kind may be made from ]G to 20 feet long and 
will be found 1« be a good style of boiler. 

Fire box boilers, or locomotive boilers as they are commonly 

callud are best adapted for smiill powers and with a fuel which 
deposits but Utile soot in the tuhee. This kind of lx)ller is sup- 
plied H'itk portable or agricultural engines aiid is very well 
adapted for that particular service, 

III canvassing the desirability oE this kind of r boiler for station- 
ary use, we must again refer to tlie kind of water to be used in it. 
It the water is soft and clean there ie then no particular objection 
to a boiler of this construction being iiaed for small powers; if the 
water is hard ttnd will form scale it ought not to be chosen, but a 
flue lx)iler selected instead. 

TeHlcal boilers are used in great numbers for small engines, 
lieating, etc. They have the merit of being compact anit low 
priced. A common defect in the construction of this kind of 
boiler is tliat too many tubes are put in the liead in tbe fire box, 
thereby preventing a proper circulation of water between tiiem. 
llus defect in construction induces priming with all its attendant 
jinnoyances and dangers. 

Tliis style of boiler is not suited to bard water, but jiure soft 
wRieronly. JE the water is iiard an upright boiler with a single 
Hue is better )E notealer iiian the tubular boiler. These lioilers 



shoulil lie proviiletl wUh Iianil lioIeB iilmve tlie croMii nheet 
nrouml the bottom of llie waterlogs; iit least three Bt each jiIro 
mentioDed. 

Boiler MateriaU^Iii regard tn tlie material of wliitii a boilel 
Gball he made there is but the simple choice hetween iron an) 

Bteel. 

If iron nhoulil he Belecte*!, it sIiouU he of a grade not lower thfU 
C. H. No. 1, anil capable of witlistjtnilinf; a tensile strain o[ t 
least 40,000 poiiiula persiiuare inch of Hcntion lengtliwise of th 
g:rain of the meti). It shoul<l also show a contraction of area 
the point of fracture of nt least twelve percent. Thiaistholowe 
gra<1e of iron which should enter into boiler construction. 

It Bomelimes happens in giving the tensile strength of iron tli 
no other facts are given, such as cfiutrsetion o£ area, etc. It yt 
formerly the practice to break apecimena in order to arrive at th 
tensile strength only, hut extended observation hus shown tlit 
thia alone does not indicate the quality, and that poor i: 
quite aa likely to show a high breakingstrainna better one 
now considered the beet practice to take into account both theofl 
qualities when testing iron Imiler platR. 

Tliere are now three kinds of steel in the market — crucibl^ 
Bessemer, and open hearth steel. On acpount of the stiiall quao' 
tity made and the high price charged for the first; the little effoT 
made to sell the second; the ojien hearth sleel practically mlo 
the market. It has many qualities which admirably fit it for boilel 
construction, and will no doubt always hold a leading place ai 
boiler materials. 

Steel for tloilGra should not he of too high tensile strength 
00,000 to 6o,000 pounds tensile strength per square inch makes thi 
best boilers. If the steel is of too high a grade it will take a 
per and therefore is utterly unfit for use in steam boilers ; i 
eteel in of two low tensile strength it is apt to l>e loose or spongy. 

Among the advantages steel possesses over iron may be men 
tioned the circumstance that it is a pmctically liomogeneooi 
material when proirerly made and rolled, consequently it is nea 



«s strong in one <lIrection aa it is in another. In Jhis nspeut steel 
ig superior to iron plnle of eijnal IhiirkiieHS because the latter is 
IMtle lip of several jiicres of iron welded tf^ther and in rolling 
into the plate it Ijet^onies fibrt)ii3 and thus oE unequal strength, 
being grealest in the direction of the fiber and least when tested 
across it. 

Boiler Power.— In reganl to the size oE a boiler it ia not easy 
togivo "offhand" advice, yet this isa question of great impor- 
tance tuid one alKint which the purchaser is more directly con- 
cerned thnu almost any other, because itafiecis price. It is no 
economy to buy a lioiler too small for the work it has to do in order 
to save aoinelhing in first cost ; neither is it economy to get too 
mach boiler power /or the work. 

The size required for any particalar service will depend largely 
upon its construction, except in tlie case oE small lowers, iMilers 
are as a general thing either horizontal flue or tubular. For ordi- 
nary sliJe valve engines it is considered a sate practice to allow 
for:— 
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These proportions vary somewhat in diflcrent localities and 
smong different builders. If an automatic cut-off engine is to be 
used the boilers may be reduced abont one-third from the above 
proportions to furnish the steam for the same indicated horse 
power. 

The Lorse-power oE a boiler is a rating which should never have 
l»en introduced, as it is tlie engine and not the boiler which gives 
US power in motion. 

If aljoiler ia to supply steam to an ordinary slide valve engine it 
will require not far from CO pounds of water to bo evaporated to 
furniah a horse-power; i£ tliia same boiler were to supply the 
steam for an automatic ctit-off engine using a moderala high pres- 
sure and working expansively, then 30 jiounda o£ water evaporated 
will be ample for a horse-power; so that for a given lioilor, it 
might be a 25 H. P. boiler to one purchaser and a. 50 H, P. lioller 
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to another, depending altogether on the kind of engine it was to be 
used in connection with. Experts in making out their reports of 
experimental tests usually consider an evaporation of 80 pounds of 
water equivalent to one horse-power. 

Boilers ought to be somewhat larger than just sufficient for an 
engine as sudden reductions of pressure in a boiler are likely to 
induce priming, and thus endanger the boiler not only but the 
engine as well. 




APPENDAGES AND THE 
FURNACE. 

The common appendages to a eteani boiler are a safety valve, 
feed and blow-off pipe, ateam pipe, guage coeks, glass water guage 
and Bteam gnage ; to wliiuh may Im addeil a steam drum or dome 
and a mud drum. 

There are numerous other devices which are attached to boilers 
SHi^h aa safety guagee, alarms, fusit>1e plugs, automatic dampers, 
etc. J many o£ theeeare very servi cable and are well liked by those 
using them. 

Safety Talves should always be lat^ enough to permit the 
eSeape ot all the sleain a boiler la capable of making and each 
boiler should have its own safety valve rather than connecting 
two or more boilers together and depending on one valve lor the 
whole. 

Tlie valve and seat sliould be made o[ hard gun metal or any 
other composition that will not rust and stick faet. At one time 
it was quite a common thing to see a brass valve fitted lo a cast 
iron seat ; this is wrong for the rnsting o£ the iron would fix the 
valve so tightly that the boiler would be in constant danger of 
rupture from over pressure. 

For stationary boilers the common bait and lever safety valves 
are generally used ; a hole should be drilled in tlie end o£ the lever 
and a cord attached, which can be led over a series of small pul- 
leys to the fire or engine room and thua allow it to be raised 
several times a day. In case it is necessary at any time during 
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working hours, or at noon lime, to Blop Umeni^iiii.', Iliif safely 
valve bJiouIcI be raised from its seat to be gore tbat it ia in good 
working order. 

For stationary boilers it is immaterial wliettier tlie safety ralre 
be fitted with a lever and weight, ot whether it l>e fitted yrilha 
spring. Tlie former is the uaual manner of loadin<f a safety valve 
and lias but few objections. For porlaiilocngineaaiid loconiotivea 
safety valves are loaded witli springs wliicli by suitable ad juatment 
may be made to blow off at any desired pressure. 

Tlie following rule ia that enforced by the IT. S. Governuent iii 
fixing the area of aafety valves for ocean anij river aervice, when 
the ordinary lever and we iglit safety valve is employed: 

Hulk. — "Wlit-n the common safety valve la eniployed it shall 
have an area of not less than one squnre incli for each two feet 
of grate aurfaee. 

Another rule, aseribeil to Professor Tiinrston, ia to intiltiply the 
pounds of (ioal burned jier Jiour by 4; this product is to be 
divided by the steam pressure to which a constant number 10 is 
added. 

Example : What would Ijc the proper area for a safety valve for 
a boiler having a grat« surfuL-e 5 feet square and burning l2 pounds- 
of coal per hour ]ier square foot of grate ; the steam pressure 
being 75 jiounda per square inch? 

5 X 5=25 square feet of grate. 

25 X 12—300 lbs, of coal per hour. 

300x4=1200. 

7u ♦ 10=8o=ateam pressure with 10 added, then '^"'*«14.1] 
inciies are or 4^ inches diameter. 

The feed plfie usually enters the boilei^ at the rear end, and ia 
commonly screwed into a hole tapped into the back bead. For 
large boilers or where aevemt boilers are fitted together in one 
battery, flanges are sometimes us&l, but tins is the exception 
rather than tbe rule. 

A feed ])ipe abould be at least twice the area over that which Is 
regarded as siiniily necessary to supply tbe boiler with water, as 



eedimeiit or scale is likely to form in it wliich will materiallj' 
reduce ila area. 

In locnliliee where the water is hard the feed pipea abould be 
dia<:oiinf!(^t8d trnar the boiler and examined occasionally to ascer- 
tain whether or not scale is forming in them. 

In. general, the sizea of feed pipea leading froni the piunp to the 
boiler are &xed by the siKe of tap used by the maker of the 
pump. It is not well to reduce the diameter of the pipe, and the 
size slionld be the same throughout. Care 8hould be exercised in 
putting pipea in place that no strain be brought upon them by 
imperfect fitting as it is certain to lead to leaky joints at some time 
or another. It is alao desirable that the pipes be as short and 
straight as possible. Feed j)ipea should never be placed under 
ground if it is jioasible to make any different disposition of tliem. 
In locating pipes It is desirable to arrange for the expansion of the 
boiler aa well as for that of the pipes themselves. 

In Belecting a pump it should have a much larger capacity than 
timt needed to supply the boiler as there are many thinga which 
ftffect the working of a pump, such as defective suction pipes, 
leaky valTca, etc. It is the practice of most manufacturers to give 
the capacity of their pomps in gallons of water delivered per min- 
ute from which it is easy to select a Buitable size, but the speed 
given in tlie tables at which the pump is to run is generally faster 
than that which it is desirable to run them. 

As a general thing, and without referring to any particular 
maker or design, it is a good plan to eelett a pump having four 
times the capacity actually needed lor the boiler, then the apced 
may be reduced to half that given in the table, and will require 
lees repairs, and will be a more satisfactory purchase in the long 
mn. 

In selecting an injector or inspirator the aize should not greatly 
exceed that actually required tosupply the boiler. In making the 
ateani connections the jilpes should stitrt from the eteaui space 
of Uje boiler, and should not be l)ranche3 merely from the other 
steam pipes, neither ahould the diameters of the pipea be less 
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tbMi tint which the tnatrument mils for. The pipes slinnUI be hb 
short and straight as practicable ; abrupt l)en<le should always be 
avoided in tlie suction pipe. 
If tlie water is taken Irom a stream in which there are floating 

particles of wood, leaves, etc., a strainer gljould he used; a large 
sheet metal \k>x with |>erforateit sides maltes a good strainer ; the 
openings ought not to greatly exceed an eighth o£ an inch in diam- 
eter, and should he several times the area of the suction pipe, 

A Cbeck Valre should he fitted with a cock hetween it and the 
boiler, eo tliat in the event of ita not working eatieractorily it may 
be taken apart, cleaned, and replaced without stopping for ezami> 
nation or repairs. 

The Blow-off Pipe should be so arranged that it will enUrel^ 
drain the lioiler of water; it is also a goo<i plan to set a boiler with 
a slight inclination toward the blow-off pipe that it may be thor- 
oughly drained; an inclination of two inches in twenty feet 
works well in practice. The biow-off pipe is usually fitted at the 
back end of the l)oiler. It is a common practice to fit a piece o! 
|ripe into the back liead, and attach a T fitting to it, feeding into 
one branch and using the other for the blowHsff. 

The Hteaiii Pipe may 1>e connected at any convenient point on 
the top of the boiler. If the boiler is to furnish steam for an 
engine only, the common practice is to make the diameter of the 
pipe one-fourth that of the cylinder. The steam pipe should be 
as short and straight as iraesible. If bends are to he introduced in 
steam pipes it is better to havea long curved bend than the abrupt 
right angle fitting usually employed for the purpose. It Is also a 
gooil plan to provide a stop-valve nest the boiler to shut off the 
steam and prevent it condensing in the steam pipe at night, or 
other long stoppages. 

The (iati^ Cochs should he not less than three in number, asA 
may be of any of the various kinds now in the markeL For sta- 
tionary boilers the Mississippi gauge-cock is, jierhaps, as good as 
ally. For portable engines a compression gauge-cock is perhapa 
the best The lower gauge-cock should he at least one inch above 
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the tubes or tTown sheet, tlie middle oue at the ordinary water 
Une, the npper one itt any convenient distance above it, sny from 
one to three inches, depending on the size of the boiler. 

X Glass Water Gang'C should be provided for each boiler, and 
should tie BO lotated that tlie water level in the boiler when nt the 
lower gauge-cock shall then be on a line with the top of the lower 
BtnfBng box gland. When glass gauges are so fitted the fireman 
can always tell at a glance just how luudiwater heJiasabove the 
flues or crown sheet ; it also permits the easy test of accuracy by 
trying the' gauge-cocka with the water at a certain known level. 
Too much dependence must not be placed on the glass water gauge 
alone, but should be used in connection witli the gauge-cocks. 

A Steam Qange is a very important appemlage to a steam 
boiler, and should be chosen with special reference to accuracy 
and durability. The two onlinary gauges now in the market are 
the l>eut tube and the diaphragm gauges. It matters little which 
of the two kinds is selected provided it is a good and first- 
I'lasei gauge. A steam gauge should be compared witb. a standard 
t^Bt gauge at least once a year, to see that it is correct. The im- 
portance of this will be fully apparent when it is known that it 
furniahea the only means by which the fireman is to judge of the 
steam pressure in the boiler. A siphon should be attacheil to 
every gauge, and provision should also be made for draining the 
gauge or siphon to prevent freezing when steam ia off the Iwiler. 
Neglect of this may endanger the accurate reading of the steam 
gauge and render it useless. 

Steaut Dome. — This is a reservoir for steam, riveted to the 
upj)er portion of the shell and communicating, by a central oi>en- 
ing with the steam space in the boiler. AVhen tliia reservoir 
forms a separate fixture and ia attached to the boiler by cast or 
wrought iron noezles, it is then calleil a tteam drum. The latter 
answers all the purposes for stationary boilers that the former 
does, and is to lie preferred because of the smaller opening in the 
Bhell of the boiler. A considerable number of boiler explosiona 
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have \>eea traced directly to the weakness of the shell caused by 
the large opening tu and iiuperfe<:rt staying of tlie eliel! under- 
neath tlie dome. When a dome is employed and bos a lar^ hole 
nnderneatb, the strength of the shell is impaired in two ways. 1. 
By reducing the longitudinal sectional area of ehelt through the 
center of opening tut lor it, wliich weakness can not wholly Itc 
maile good l)y a Btrengthening ring around the opening. 2. By 
causing a tension equal to that on the thrown area of steam dome, 
upon the annular part of the eliell covered by llie flange of the 
dome. The weakest jwirt of the boiler fihell will lie where the dis- 
tance from rivet hole at the base of the dome to edge of plate is 
least. It ia difficult, owing to the complex nature of the strains, 
to form n rule whereby to determine how much the streaEtii of 
the shell ie impaired by using a dome; but it ia qultu apparent 
from general experience that they are in many cases n source of 
ireakness, and the larger the dome connection with the shell, the 
greater the liabilily to rupture. 

This tendency to rupture ia due to the fact that the dome, with 
]tfl connecting flange, is practically inelastic; tltat portion of the 
shell of the boiler covered by the dome is, as soon as the pressure 
IB introduced on both sides of the ptate, simply a curved brace. 
The pressure of the Bteamin the boiler, has a tendency to strai^ten 
the shell under the dome and thus brings about a series of com- 
plex strains which are not easily remedied by any system of brac- 
ing, so that on the wliole it is preferable to use a small connecting 
nozzle with a <lrum above it, rather than to rivet a large dome 
directly to the shell. 

Dry Pipe. — This ia a pipe having numerous small perforations 
on ila upper side, and inserted in the upper part of tho steam 
space of the boiler. This i)ipe does not dry the ateam, but acta 
mechanically by separating the steam from the water when the 
latter is in. a violent state of agitation, and is liable to he carried 
in bulk toward or into the steam pipe. The object of these num- 
erous small holes in the pipe ia that a small quantity of ateani may 
be taken from a large number of openings at one time, and thus 
carried over a larger extent of surface than that affonle'l by a sin- 
gle opening, aud by this simple device checking the tendency to 



priming, Tliis pipe leailing from the boiler is sometimes carried 
tLrough the combuEtion chamber under the boiler, and from 
thence to the engine ; a practice which b not recommended under 
any ordinary circumstances. 

Steam Boilpr Furnaces are receiving; more attention now than 
perhaps ever before. The question of economy of fuel is being 
closely Btiidie<l, and there is now an effort to save much ot the 
heat which hail formerly been allowed to go to waste. 

The main thing in furnace construction is to get perfect combus- 
tion. Witliout this there must be of necessity a great loss con- 
stantly going on. There are some losses which it is difficult to 
prevent, for example — the loss by the admission of too much air 
in the ash pit ; the loss by incomplete combustion ; the loss occa- 
sioned by the healed gases escaping up the chimney , the loss by 
radiation ; but chief among these ia that of incomplete combustion. 

To bum a pound ot coal requires about twelve pounds of air, or 
say 190 cubic feet. Most boiler settings jiermit from 200 to 300 
feet to pass throngh the fire. It is needless to point out the great 
Bource of loss arising from this one cause alone. This may be pre- 
vented in a measure by having a suitable dsniper in ttie chimney 
and regulating the flow of escaping gases by it instead of the ash 
pit doora. 

If the furnace is so constructed that the fuel is imx)erfectly 
burned, so that carbonic oxide instead of carbonic acid gas is 
formed the loss ia very great, as shown on pnge 18. This resultB 
often from loo little air supply and too low temperature in the 
furnace. The furnace doors should be provided with an opening 
leading into the space between the door proper and the liner; this 
opening ought to have a eliding or revolving register by which the 
admission of air may bo controlled. By this means the quantity 
of air admitted above the fire may be adjusted to its needs by a 
little attention on the part of the fireman. The liner to the fur- 
nace door should have a number of small holes in it rather than 
a. solid plate, with a space around the edges. 

Great care should be exercised in the construction of furnace 
walls that the materials and workmanship be good llirou^hoot. 
The entire structure should be brick includin;; the foundations. 



The out«r walls may be of good, hard, red brick, bat the ii 
walla around the furnace and bridge walls should Ije o£ fire brick. 

Thel>eHt quality of fire bricklor withstanding an intense heat are 
never very strong and tenacious ; the structure is open and they 
are free from black spots, due to Bulphuret of iron in tlie clay ; if 
well burned they will not be very light colored on the outside, 
and will have a clear ring when struck. 

Fire brick should be laid up in a thin mortar made of fire clay 
rather than in a lime and sand mortar such as is iijed in ordinary 
red brickwork. 

In laying up those portions of a boiler furnace requiring fire 
hrick, provision should be made in the original wall for replacing 
the Are brick and without disturbing the outer brickwork. 

Ontle Bars are as a general thing made of cast iron, two or 
three being combined in a single casting. 

There are many fanciful designs for grate bars which appear 
from time to time, and many absurd claims are advocated in their 
behalf. The only possible advantage which such a grate-bar could 
IKWsesa over a well designed ordinarj- bar would seem to be that 
of durability, or strength to resist the action of intense heat. It is 
better for deep furnaces to have two sets of short grate-bars than 
one set of long ones ; that is, if a furnace is five or six feet deep to 
have two lengths of grates of half the former length. This will 
prevent the distortion of the urate surface by the twisting or 
bending which is almost sure to occur with long bars. The thick- 
ness of metal on the top of the grate-bars is from | to J inch for 
about half an inch down, when it is gradually tliinnetl to about 
6-16 inch thick at the lower edge. The space between the bars is 
usually half an inch. As a general thing the same bars are used 
for nil kinds of fuel. 

Bocking, revolving, reciprocating and other forms of grate-bars 
are in use iu many localities and are working very satisfactorily. 
These are projirielary designs and are furnished only by the moa- 
nfacturers or their agents. 

Th« lirfdgo Wall is a wall of fire-brick built up at the rear end 
of the grates, to within about a foot of the under side of the boiler. 



It is not cualomiiry to give it a. curve, but it ia carried Btraigbt 
across the furnace trom side to side. This wall is BOmetimes built 
hollow with an iiir spnce communicating with the atmosphere; 
the Willi being fitted either by a perforate<l plate or a narrow open- 
ing made liy the brick layer so as to permit a flow ot heated air 
through the bridge wall into the combuHtion chamber. 

Sometimes a wrought iron water back ia employed with water 
pipes connecting with the boiler, but as a general thing the wall is 
simply Bolid brickwork. The exact height to which a bridge wall 
IB to be carried will depend upon the kind and quantity of fuel 
burned, and if the onlinary distance oF twelve inches from the 
boiler does not give the best results it niay be changed by simply 
laying on or taking off a layer or two of bricks on t>ie top. 

At the rear end of the boiler another wall is built; this has a 
«urved lop following the curve of the boiler; the area ot this 
Aliening may l>e about one-sixth of the grnte area. The space be- 
tween this wall and the brid^ wall is calle<l the combustion 
<^hamber. This chamlwr should Ijo bh large and roomy as possible 
to instiro a perfect diffusion ot gases and prevent a too rapid cur- 
rent beneath the boiler. 

Chlninefg should have an area of about one-eighth that of the 
grate area; and it of wrought iron it should l)o about 25 diameters 
liigh, and should !« ])rovided with a wrought iron band one-third 
the distance from the top, to which are to I)e secured three guy 
rods ; these are best made of wrought iron rorls linked together 
with weldeil rings or eyes; the dinmeters will vary from 5-16 to 
} inch, depending U]>on the height and weight of the stack. 
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CARE AND MANAGEMENT OF A 
BOILER. 

It is not enough that a boiler lie of approved design, made oF the 
]>eBt materials and put together in t)ie beet manner ; that it have 
the best furnare an<l the moBt approved feed and eatety apparatuH. 
Tliese are all desirable and are to lie commended, hut cleanliness' 
and careful management are quit« eEsential to getting high reBuIt», 
and are also conducive to long use in service. 

Pumps. — Special attention should be given at all times to the 
feed and safety apparatus ; the pumjis shonUl be in good working 
order; it is preferable that they be independent steam pumps 
rather than pumps driven by the engine or by a belt ; they should 
be kept well packed and the valves in good condition. 

Firing. — Kindle a fire and raise steam slowly; never force a. 
fire BO long as the water in the boiler is lielow the boiling iwint. 
The fire should be of an even height, and of snch a thickness as 
will lie found best for the particular fnel to be burned, but should 
l>e no thicker than actually necessary. In regard to the size of 
coal used, that will depend upon circumstances. If anthracite 
cohI is used it should not, for gtationary boilers, be larger than 
ordinary stove coal. For bituminous coal, which is always ship- 
ped in lumps as large ascAu be conveniently handled, the size will 
vary somewhat in breakin),', but it may in general be used in. 
larger lumps than anthracite. 

Tf the coal is likely to rake in burning the fire should be 
broken np quite frequently with a slii« bar or it will fuse into a 
large mass in the center of the furnace and lower the rate of com- 
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bustion. I£ llie coal is likely to lorm a comiderable quantity of 
clinker, or enoii);h to become troublesome, it may be advantngeouB 
to increaae tbe grate area and thus lower the rate of combuBtion 
per square foot of grate, and have ft fire of lees iutensily. 

The fire should be kept free from aehee, and the ash pit should 
be kept clean. 

Whenever the fire door of a steam boiler furnace is opeueil, the 
damper should be closed to prevent the sudden reduction of luui- 
perature underneath, which is likely to injure the bolter by 
contraction, and thus render it likely to spring a leflk around the 
riveted joints. Some firemen are very careless in this rcsiN-t't, and 
there is little doubt that many a disagreeable job of repairing a 
leaky Beam, might be prevented by this simple precaution. 

Qange Cocks ehould be used conHtanlly to keep fheui free from 
any accumulation, of Rediment. It is a very common practice to 
rely wholly on the indications of the glass water t^auge for the 
wal«r level in the boiler. This is all wrong, and should beiliscon- 
tinued if once begun. The glass water gauge serves a very useful 
purpose, but it should not be wholly relied ou in jiractice. In 
using tbe ordinary gauge cocks, the car, more than the eye detecta 
the water level, and thus acta as a check on tlie indications given, 
by the glasa gauge. 

Water Ganges should be tested several times during the day to 

see that they are clear.'and to keep them free*from any sediment 
likely to form around the lower opening to the water in tiie boiler. 
If thb is not uttendei! to the water gauge is likely to indicate a 
wrong water level and a serious accident may he tlie result. 

Kteam or Pressure (Taiiget are likely to become eat after long 
use and should ho tested at li ast once, or lietter still, twice a year 
by a standard gauge known to be correct. They should also be 
tested every lew daja it the hoders are constantly under steam by 
turning off the steam and allowing the pointer to run hack towjro, 
I( there are two or more boilers set together in one battery, and 
each boiler has its own steam gauge, and which will, sUirtiug from 
tlie zero point, indicate the same pressure ou all the gauges, tliey 
may be assuuied to bo correirt. 



BIOir^lF Cocks or viilves aliould ]te examineil Irequently and 
should never be allowed tu leak. In general a cock is to he iter- 
ferreil to a valve, but if the latter ie selected it eliould be some one 
of the various "straight-way valvea " of wliicli there are now sev- 
eral in the market. If the cock is n lar;^ one, and esi>ei-ia]Iy if it 
has either a cast iron shell or plug, it should he taken apart after 
each blowing out of the boilers, examined, greased witli tallow and 
returned. 



Blowln^r Out.— This should l>e done at least once a month, 
except in the very rare instances in wliich water is used that will 
not form scale. The boiler should not be blown out until the fur- 
nace IB quite cold, as the heat retained in the walla is likely to 
injure an empty boiler directly by overheating the jilatcs, and 
indirectly by liardeuing the scale within the Imiler. 

Bad effects are likely to follow when a boiler ia emjrtied ot its 
water before the aide walls have become cool ; but greater injury 
is likely to result wlien cold water ispumpeil into an empty lioiler 
heated iu this manner. 

The unequal contraction of tlio lioiler is likely to produi-e leaky 
seams in the shell and to loosen tbb tubes and stays. It is a better 
plan to allow the boiler to remain eiupty until it is quite cold, or 
sufficiently reduced in temiwrature to permit its l>eing filleil with- 
out injury. Many boilers of good material and workmansliip 
have l>een ruined by the neglect of this simple precaution. 

Fusible Flll^ should be carefully examined any time the water 
ts blown out of tlie boiler, as scale is likely to form over the jwr- 
tion projecting into the water space. It is only a question of time 
when this scale would form over the end of the plug and thick 
enough to withstand the j)ressure of steam and thus fail iu the 
accomphslunent of the very object for which it was introduced. 
This applies especially to the fusible plugs inserted in the crown 
elieels of portable engine boilers. 

Cleftiilii; Tnbes.— This shouhl be done every day if bituminous 
coal is TiaeJ. A jiortnhle steam jet will be found an extremel}' 
jweful contrivance which will keep them reasonably clean by 
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blowing out Ibe loose soot and ashes deposited in the tabea. 
Every two or tlin-e days or Ht least once a week, (i tube straper 
or stiff brush slionld be used to take out all the ashes or soot 
adhering to the lubes tuid wliich I'aniiot be blown out with the 
jet. Flues laay be cleaned the eaine way but will not require to 
be done so frequently. 

Low Water.— If from any cause the water gets low in the boiler, 
bonk the fires with ashm or with Iresli coal as quickly as pos- 
nble, shut the damper and ash pit doors and leave the Sre doois 
■wide open ; do not disturb the running of the engine but allow it 
to use all the sleara the boiler is making; do not under any cir- 
cumstances attempt to force water in the Iwiler. 

After tlie steam is all used and the boiler cooied sufflciently to 
be safe, then the water may be admitted and brought up to the 
regular working height ; the <lamper opened and the fires allowed 
to burn, and steam raised as usual ; provided no injury lisa been 
done the boiler by overheating. 

f oandng or priming is always tronblegome, and often danger- 
ous. f;ome boilers foam almoBt continually because of their bad 
liroportions, and will require the constant care of the person in 
«bat^, especially at suih times as the engine may be using the 
steam up to the lull capacity of the boiler. In a case of this kind 
an increase of pressure will often check but will not entirely pre- 
vent it ; nothing short of an increase of water surface, or a better 
circulation of n-ater, or a larger steam room will afford a complete 
remedy. If the foaming or priming is due to a sudden liberation 
of ateam, or on account of impure feed water, it may be checked 
by closing tlie throttle valve to the engine and ojtening the fire 
door for a few minutes. Tliu surface blow may be used with advan- 
tage at thin time, by blowing off the impurities collected on the 
surface of the water. The feed pump may be used if necessary, 
but care should be exercise*! that too much cold water be not 
forced into the boiler, and thus lose time by having to wait for the 
accumulation of the regular steam pressure required for the 
engine. 

TliB dangers attending foaming or priming are;— the laying 



bare ol lieating surliu-ea in tlia boiler, anil of breaJiiiig down llie 
engine liy working water inlo the eyllnder. The couimoneBt 
damage to the engine beingeilherthebreakingof a cylinder head, 
or tlie cross Iieail, or the breaking of tlie piston. 

When boilers are new and set to work tor the first time jiriining' 
is a, very frequent occurrence; in fact it may be said that (or the 
first lew days there is always more or less of it All that is needed 
during this time ia » httle care on the part of the attendant to 
Bee that the water is kept up to the required level in the boiler; 
it is also recommendeti tliat the throttle valve to the engine be 
partially closed to prevent any very great variation of pressure in 
the boiler, and thus prevent water passing over with tlie steam 
in such quantities as to become dangerous. 

If R boiler continues to prime after it has had a weeks work 
and then thoronglily cleaned, ttie causes are to be attributed to 
other than the grease and dirt in it, whicli are inseparable from 
the manufacture. 

As already said, priming may be caused by a sudden reduction 
of pressure ; that is, a boiler may be working smootlily and well 
with, say 80 pounds pressure ; if an increase of load be suddenly 
applied to the engine so as to reiluce tbe pressure to 70 or 60 
pounds, this sudden reduction of pressure will almost alwaya 
cause priming ; the less the steam space in ttie boiler the greater 
the tendency to prime, and the greater the difficulty in checking it. 
Tlie only permanent cure (or this is more boiler power ; as a 
temporary expedient the engine should be tlirottled sufficiently 
to make the drain upon the boilerconstant instead of intermittent. 
If tbe duty required of an engine is irregular, the steam presanre 
should be carried higher; in any case similar to the above it is 
recommended that the pressure bo increased to 90 or 100 pounds 
and the throttling to begin with the increasetl drain upon the 
boiler. But tliis is at best a mere make shift, and the larger boiler 
power becomes imperative both on the score of economy and 

T\'ater is composed by weight o£ 

Hydrogen ]I.1H * 
Oxygen 8K.888 .f 
100. 
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Between 32' and 212" Falir. amint ordiiiarj- atmospheric pres- 
sure, water la liquid; l»elow ^^Talir. it freezes, tjie ice occupying 
a larger lialk tliaa tliesameTi-eight of water and is the reason why 
it floats. Above 212° F. water is converted into sleam. The 
greatest density of water is at 39.2° F. At 60° F. water weighs 
62.35 lbs. per cubic foot, or 9.33 Ilw. per gallon (231 inclies). 

TValer is never pure, except when made so in a lalioratory or by 
distillation; the impurities may be divided into four classes: 1, 
meduinical impurities; 2, gaseous impurities; 3, dissolved mine- 
ral impurities ; 4, organic impurities. 

a. Mechanical impurities may be botli mineral and ort'anic. 
The commonest siispendeil impurity in water is mud or 
Band, these may be removed by filtration or by allowing 
the water to stand long euough to let Ihem settle to the 
bottom of the tank or cistern and then carefully drawing the 
water from the top, and witliout disturbiug the bottom. 

h. fiaseoua impurities in water vary somewhat accordingtotbe 
localities from wbicli they are obtained. The commonest gases 
found in the water are an excess of oxygen, nitrogen, and carbonic 
acid. These have no eflect on water intended ior steam lioilers. 

C. Dissolved mineral impurities in water are of t!ie most varied 
description and are almost always found in it. Among these are 
found salts of iron, sulpliate and carbonates of lime, aulphateand 
carbonates of magnesia, salt and alkalies, such as soda, potash, etc.; 
acids, such as sulphuric, phosphoric and others. All of these are 
more or less injuiiuus to steam boilers. Tlie most objectionable 
are the salts of lime and magnesia which inijiart to water that 
projMtrty known as hardness. When such water is used in a 
Bt«am boiler a scale will gradually form, which will in a short time 
become very trouhleBome. 

d. Organic impurities are present to a certain extent in most 
waters. They are sometimes present in the water in sulUcient 
quantities to give it a very decided color and taste. 

The jiresence of organic matter in water is often dangerous to 
health and may l>e a means of spreading contagious diseases, but 
linslittle or no biul efl'ect in any water used for steam boilers. 

In general water is regarded by engineers as being either soft, 
hard or salt. 
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Snlt water contaiiiB not only salt but chloride ol magceBiom, 
'bromula of sotliiim, euliihnto of polnsli, Biilphate o£ nm^iiesia, and 
sulphate of lime. The scale formetl hy this water is very hard, 
and troublesome to Temova, It ia generally loosened in the boiler 
by means of a pick and Dieti waslie<I out through the hand holes 
at the bottom of the boiler. 

Ebullition is the motion -prodiu'pd inaliiiuid hy ita rapid <'on- 
version into Tapor. Wlien heat is applied to the bottom of » 
boiler the i>arti('leH of water in contact with the plates l>ccome 
heatetl and immediately expand and hecoming s]>eciflcally lighter 
pasB upwards through the colder body ol water above; the lieat 
of the furnace ia in this way diffused throughout the whole 
body of wftl«r in the hoUer by a trauslation of the particles 
of water from below upwards, and from top to bottom in regular 
BuecesBion. Alter a time this liquid mass hecomes lieated to a 
degree in whidi there is a violent agitation of the whole b«dyof 
ivater, steam ia given olT, and it is said to boil. 

The temperature at the boiling point of water, at ordinary 
atmospheric pressure, is 212° Fahr. and iucreasea as the pressure 
of steam above it ii 



Dtetilled water for boilers is not to be recommended without 
some reservation. Chemi(»lly pure water and especially water 
which has been redistilled several limes has a ci 
iron which is often very troublesome. 

The effect on iron plates hy the use of water several times re- 
distilled, such for example as that supplied by surface condensera, 
Is well known; information is yet wanting which shall point 
with certainty to the exact change which the water undergoes, and 
explain why its action on, or affinity for iron is so greatly inten- 
sified. It bas been suggested, us a means of neutralizing this cor- 
rosive action of the water to introduce with the feed other water 
which shall have the proiierty of forming a scale, and continning 
itlongenough and at such intervals as will permit tlie formation 
ol a thin scale in the interior of the boiler. 

However objectionable this may seem at first sight, it b at pres- 
ent the beat practical solution of the dilEcolty. 
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Scale U a, had condttctor of lieat anil is opposed to economical 
evRporation, It ih eEtiinata.1 that h thicknesfi of half an inth of 
hani Hcale Armly attai;hed to a boiler plate will reqiiirt! a temi)eni- 
ture of about 700" Fahr, in the Iwiler platfl in order to raiee and 
mainUin an ordinary steam pressure of 75 pounds. 

The miscbevoua efletts of accumulated acale in the boiler, 
especially in the plates imnieijiately over the fire are, (1) preventing 
the u'ater from comins in contat^twith the plates and thus directly 
contributing to the overheating of the latter, and (2) by causing a 
change of slructure in the plates and the conseqnent weakening 
brought about by this continued overheating, ■which would in a 
abort time render an iron or steel platfi wholly unfit for use in a 
ateain boiler. 

The two principle Injiredients in boiler scale are lime and mag- 
nesia. The lime when in combination with tjarhonic acid forma 
carbonate of lime; when in combination with sulphuric acid it 
then becomes snlphale of lime. This is also true of magnesia. 

Carbonate of lime will form in the boiler as a loose powder 
wbich is held mechanically in suspension; while in tli is stage it 
may be blown out of the boiler without injury to it ; but it is 
seldom that a pure carbonate is formed in the boiler as there are 
usually other impurities iu the water with wliich it combines to 
form a hard scale. Tbia is especially true in. such waters as also 
contain sulphate of lime in solution. This fine powder, (carbonate 
of lime), will form a hanl scale should any adhere to the sides or 
bottom of a boiler, in any case where the boiler is blown out dry 
while the furnace walls are still hot, anit this in itself forms an 
eacellent reason why boilers should stand until the furnace walls 
are cold Itefore lilowing out. When emptied, nearly or all of this 
slushy deposit may be washel out of the boiler by means of a 
hose. 

Sulphate of lime is not so easily got rid of as it is heavier than 
carlwnate of lime and adheres to the plates while the boiler is at 
work. It is the most troublesome scale steam engineers have to 
deal with, it is very difficult to remove and by successive lay- 
ers becomes dangerous on account of the thickness to which it 
eventually accumulates. 

The carbonates of lime and magnesia may be largely arrested by 
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passing the feed water llirougli a Buitable heater and lime estrao- 
tor. Il must Iw apparent to every one that any devim which will 
iiccompliBh tliia ia a very desirable attachment to a eteam boiler. 
Ab it is not j)DS9ib]e to eliminate ail tlie foreign matter in the 
water from it, recourse is often lisd to the use of solvents, and 
chemical agencies for the prevention o( scale. Some of these are 
very simple and within easy reach, others are surrounded by an 
iituiosphere of uncertainty and the real nature o£ the compound is 
hidden under a meaningless trade mark. 

For carbonate of lime potatoes have been tounil to be very- 
serviceable in preventing the formation of scale ; its action appears 
to be that of surrounding the ]iarticles of lime with a coating of 
Htarch or gelatine and thus preventing the cohesion of these par- 
ticles to form a mass. Various astringents have been used for 
this purpose, such as extracts of oak and hemlock bark, nutgalls, 
catechu, etc., with varying success. 

The following is said to be a good preventive lor boiler scale : — 

One hundred pounds of logwood, mahogany or oak sawdust, 
twenty pounds of sal soda, and ten pounds of yellow ochre — the 
sawdust to be dry, mixed with the sal soda and ochre, and ground 
in a burr mill to the consistency of aborts used as horse feed. It 
may be used once n week, in seven jwund charges the first five 
weeks, and five pound charges on<» a week thereafter ;— it may be 
introduced either through the safety valve if of the ordinary 
weight and lever description, or through the roan hole. 

Carbonate of soda has been used and with very great Buccess in. 
some localities, not only in preventing but in actually removini; 
scale already formed. It acts on carbonate of Hnie not only, but 
on (he sulphate also. It is clean, free from grit, and is quite 
unobjectionable in the boiler, one or more pounds per day 
depending on the size of the boiler, may be admitted through the 
pumj) with the feed water, or, admitted in the morning before 
firing up, by simply mixing with water and jiouring it into the 
boiler through the safety valve or other opening. 

Tannate of soda has been similarly employed and is an excellent 
scale preventive. It "ill also act as a solvent for scale already 
formed in the boiler, acting on sulphate as well as carbonate of 



Crude peiroleuni lias been found very beneficial in removing the 
liiml Bcale composed principnlly ot sulpliate of lime. 

Z[nc In Steam Boilers.* — The employment of zinc in steam 
boilers, like that of soda, lias been adopleiT for two distinct objecta, 
(1) to prevent corrosion, and (2) to prevent and remove incrusta- 
tion. To flttaifl the first object it has been used chiefiy in marine 
boilers, and for the second cliieQy in boilers fed with fresh water. 

In order that the application of zinc in marine boilers may be 
effective it is neeessary that the metallic contact should be insured. 
If galvanic action alone ia relied upon for the protection of the 
plates and tubes, it will doubtless be diminished materially by the 
coating of oxide that exists between all joints ot plates, whether 
lapped or butted, and also between the rivets and the iilates. 

Assuming the jireservative action of zinc to be proved when 
properly applied, we have now two systems for preventing the 
internal decay ot marine boilers, viz: allowing the jilales and 
tubes to become coBte<I with scale, and em ploying zinc. It remains 
to decide which of these two systems is the t)est witli respect to 
economy and practicability. 

■We come now to consider the nee of »inc for preventing and 
removing incrustation. Tlie application of zinc for tbis purpose 
has been extremely limited In this country, but in Europe it has 
been pretty extensively adopted, mainly in stationary boilers, and 
as may be expected with very different and conflicting results. 

In some cases the use of zinc has been attended with great suc- 
cess in preventing and removing scale, in others no beneficial effect 
coulil be perceived, whilst in others again it has done more linrni 
than good. 

At one time it was considered that the action of nine in pre- 
venting incrustation was physical or meclmnicHl. 

Tlie particles of zinc ns it wasted away were supposed to bwiouie 
mixed amongst the solid matter precipitated from the water in 
such n manner as to prevent it adhering together, so as to form a 
hard scale, or the particles of zinc were supposed to l>ecome 
depoBiled upon the plates, and so prevent the scale from iidheriug 



to them. Then it was Bujfgested tliat tlie isinc acleil cliemically, 
and now it is tlie generally received opinion that its action is gal- 
vanic in preventing incrustation as weil as in preventing torrogion. 

When tlie water contains an exccRS of snlphatea or uhloritles 
over till) cflrbonal£E, the acid of the {ornier will iorm soluble salt^ 
with tlie oxide of Einu, the surface of the sine will be kept clean, 
anil the galvanic current, to which the efficiency of the xinc is due 
will Iw maintained. On the other Iianil Bhoul<l tliere be a jirepon- 
derating amount of cartionateg, tlio xinc will be L-overecl first with 
oxide, then with carbonates, and its useful action arrested and 
stopped. 

It is quite as important that the sine should be in metallic con- 
tact witli the plates when used to prevent incrustation as when 
employeil to prevent corrosion. The application of /inc for the 
former purpose should never be attempte<I without first having 
the water analyzed in order to ascertain whether it is likely to 
be effective. The use of zinc in externally flred l>oilerH should 
be attempted with great caution, na when efBcacious in jirevent- 
iag the formation of a hard scale, it is liable to produce a heavy 
sludge that may settle over the iurnace plates and lead to over- 
heating. On the whole we cannot bnt regard the evidence as to 
tlie effect of «inc upon incrustation as being very conflicting. 

Evaporative Tests,— It ia important that everything be got 

in readinesa before the day fiiced tor the teat. The boiler should 
be perfectly clean and tight; the grates in gooii condition ; the 
draft imder perfect control ; the water supply arranged so that the 
quantity used may be either weigheil or measured ; the former is 
to be preferred. The coal should lie of uniform size and quality 
and carefully weighed wtien delivered to the firemen. The tem- 
perature of the feed water should be taken at least every half hour 
by means of a thermometer previously tested and known to be 
correct. The pressure of steaiu should l>e kept as near constaut aa 
possible, and special precautions should lie taken that the steam 
gauge Im correct in its readings. 

Calorimeter testa ahonld be made frequently to aacertiun the 
dryness of the steam. 

Short boiler tests are always more or leas uusatiafactory, tliey 
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ought to extend over at least 8 hours cuntinuoDsIy, or Iwllorntlll 
lOIioure, Bt«ain ihould be niisc<l on the boiler to tho liiletiiletl 
pressure, tlie fire " hauled," nnd a uew one kindU^d on doaa 
grates. Tliedeiit}! of the fire will dcjiciid itpon ciromiislancva; 
some coala will require a tliicker fire thnn olheTK, Tlio onginMn' 
in char^ should ho the judge an to wliat tliUiknum la iKit In 
order to get the nioHt e^ioiioiiiital rennlts. At tho end of the 
trial the fire isaj^into lie "hBiilfl " and queocheil, llio rmnattilng 
coal weigheil up and charged hnck ; the aahi'i and clink^sra to )m 
weighed diy and de'lut.-ted from the coal chargvcl In or>Utr Ut 
determine thenet combiialihie. ^oinethiies it la not jirai-UcaUo 
tohaul tbofiresinatfit, and rccourtolsthenliad to iha iaHgtatftt 
of the engineer or fireman in determining tho condition o( tli* fin 
both at the beginning and end of a tfial. 

Leaks ehonld be atoppe-l u soon aa poailble after t Wr lUnefirtry, 
the kind of leak will indicate the Imtmfnt nrrrmuT)' I( it wcnn 
aroond the enda of the lu)«s it may ba stopped by expanfllnif Uia 
tDbeaaoev; if in a rivetcl joint, it ahoold hec»retiil1]r«xafflln«d 
fgpeaaHy along the line of tlx rijreta aivl care •boald be es^rdaed 
in detenDining whellicrr there it a erack ezcetwlUiK from rirM to 
rint along the line of tbs botes ; aboaU ihk prove Ut hn tb« caaa, 
Ae boOer is then in am cxtrctacif dweerov* ooodltloa aad mttdtf 
BOcncmBaUneesahoaUltbaaBiiafinMlvp mail mtiUUt rtsaim 
hare been nn^e vlucb will taasra fta mittf . 

It in plMM vbkii »« MMda wf <d Mrvcral ibfelc- 
«wei««6t tbAravgUjr 
veUed bciaie Om teal nlEac iatoflMM. 

mmaaAn |llB BoMifaieBlMt'wilh Ike ImmC ol llw tat' 
IMS the lUnotpHtiMoC fibs Mbcliftt pMe "taddw" mt 

be>llMca^^«nmin^M«f llw jKi wlgin^w 
Ob* ibovU teas Sidadd^MrairiUaiaaMfctarflMB, : 

A ltee>%n. if a» lUtfaMM li •yoMl ar « 
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Patching: Boilers.— When a boiler requires putcliing it is letter 
to cut out the defective eheets and rivet in a new one, or it this 
cannot l>e done, a new piece large enoHgli to cover llie defect in 
the old sheet may be rivetetl over tlio hole from which tiie detec- 
tive portion hna been cnt out. If this oceure in any portion oE the 
boiler subject to the action ot the fire, the Inp shonlci be the same 
as the edges of the boiler acams, and ehould be carefully calked 
■ around the edges after riveting. Whenever bliatera occur in a 
plate, patching la a comparatively simple thing as agalnat the 
repdrs of a plate worn by corrosion. In the latter case the defec- 
tive portions of the plate should be entirely removed and the 
openings should show sound metal all around, and of full 
tJllckness. 

If this cannot be obtained within a reasonable sized opening 
then the whole plate should be removed. 

It often occurs that a minor defect is found in a }>la(e anil at a 
time when it is not convenient to stop for repairs; in such an 
event a "soft patch" is often applied. This consists of a piece 
of wrought iron carefully fitted to that portion ot the boiler plate 
needing repairs j holes are fitted in both plates and patch and 
" patch bolts " provided for them. A thick putty consisting ot 
■white and red lead with iron borings or filings in them placed 
evenly over the inner surface ot the patch which is then tightly 
boll«d to the boiler plate. This is at beet but a temiwrary make- 
shift and ought never to he regarded as a permanent repair, 

A mistake is often made in making a patch of thicker metal 
than that of the shell ot the boiler needing it. A moments 
reflection ouglit to show the absurdity of putting on a five- 
idxteenth or tbree-eighlhs patch on an old one-quarter inch boiler 
■bell ; yet it is not so rare an occurence as one would imagine. A 
piece ot new iron three-sixteenths of an inch thick will in most 
cases be found to be stronger than that portion ot n one-quarter 
inch old plate needing repairs. 




BOILER EXPLOSIONS. 



Tbete are few facts more difficult to get at tiisn tliotte relating 
to boiler explosions ; and, owing to tlie absence of reliable ilata on 
this subject, the most absurd notions have been advanced aa 
accounting for its disastrouB effects under all aorta of conditiona 
from the eimple rupture to the true explosion. 

Among the cauaea asaigned at one time or another may be men- 
tioned the following: — electricity; decomposition of Bt«am reault-. 
ing in the generation of explosive gaaes; overheating of platea; 
over-pressure; tlie spheroidal tlieory, in wbich a large volume of 
eteam ia aupposeil to be instantly generated by coming in contact 
with highly heated platen, tlie water iiaving been previously 
repelled from the plates by overheating, or by the formation of 
a vapor between the boiler platband the water, thereby preventing 
contact lor a time. 

As explosiona aeldom or never give any warning, and are of 
momentary duration only, it is a very difficult thing to arrive at 
tbe true cause of any disaster, and a remarkable thing about it is 
the evident unwillingnesa on the part of the ownera or those in 
charge to tell what tbey do happen to know in regard to the boiler. 
There ia no doubt thia has had much to do with surrounding 
boiler explosions with tbe air of niyi^Uiry now so common, and 
has, no doubt, been a means of perpetuating so many of the absurd 
theories so common a few years ago, and still believed by many. 

Over-pressnre.— There is little doubt that the vast majority of 
boiler explosions can be traced directly to over-pressure. A lioiler 
maybe unable to withstand a calculfitetl strain from oneof thetwo 
following causes, (1) nn original defect in tlie boiler L)latti, 
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(2) by bail workmanship ; it is possible, aud it actually oct-urs 
that tlieee two are Bometimes cauibiiioil in tbo name boiler; tbat 
& boiler containing tbese two defeats should at some time or 
another meet with disaster is not improbable, but should not be 
considered as mysterious, or due to occult causes, beyond human 
knowledge or prevention. 

Over-pressure may be sudden or gradual, and when it exceeds 
ils limit of strength the boiler bursts, sometimeB with little 
violeni^e and doing bat littledamage, in which case it is commonly 
said to be a simple rupture; at another time the boiler bursts 
with terrific violence doing great damage and ending in n total 
■wreck of the boiler, it is then said to have exploded. Rupture 
and explosion seem to be hut two namea representing in degree 
the effects following the failure of a boiler. 

It is the common practice to permit a pressure per square ioiih 
ot one-sixth the total Btrength of the boiler ; in all ordinary cases 
tliis is an ample margin of safety, bat if any one of the plates com- 
posing the structure liave a hidden and undiscovered detect the 
boiler may fail iu its first trial notwithstanding every care may 
have been exercised in design and construction. 

Defects of this kind rarely occur, the commoner one Ijeing that 
of bad workmanship occasioned by wrong punching, excessive 
drifting, wrong crossing of seams, over-heating of plates in flang- 
ing, grooving with a calking tool, etc. These all tend to lower the 
strength and safety of the boiler, and it is to he regretted that 
there are boiler makers who are either so ignonrnt of proper 
methods of construction! or so indiflerent to the value of life and 
property that defects of this kind are allowed to pass from them 
into the hands of an unsuspecting ond innocent purchaser. If 
disaster should follow such a transfer, and the facta could be 
ascerLoined, they wouldat once and completely dispel any fine spun 
theory ot occult causes so far as it related to sucha boiler not only, 
but the aggregation of Bticli testimony would In time ^ilace the 
causes where in most cases they properly belong. 

A new boiler ought, if the niateri:da and workmanship are good, 
and the design suitahie for the pressure, such a boiler ought to !« 
safe from bursting up to within a very small margin of the cal- 
t-'iilated strength. 



Experimental boilers have ebown tlie truth of this Blatemeut 
over and over again; yet it would ]>e a liazardous iiroccodiiig to 
raise steam ia a boiler which nt all ajiproaclied nny such pri.^ssnre. 
' A dngle riveted iron boiler 42 inchee in diameter, and iiinde of i 
inch plate liaving a tensile stronsth oE 4i),000 jtounds per square 
inch, may he worked with eafety at a pressure of 00 pounds, nnd 
onght to liear a pressure of 500 pountia per square inch l>c[ore 
rupture. This BeeniB like a very wide margin o( Bafety, but it is 
none too much. 

To show how quickly a boiler will generate steam from a safe to 
the bursting pressure let ns asaumo that the above Ijoiler con- 
tains within it 6000 pounds of water, the grate to have an area of 18 
square feet on which are burned IB pounds oE coal ]>er square foot 
ot grate, and each pound of coal to evaporate 8 jwunds of water 
per hour. The ordinary working pressure to be 1)0 pounds. 

The temperature due to a pressure of 500 jiounda ]>er square 
inchi8 467°Fahr.; that of !)0 pounds pressuru is3-jl°Fftlir. Then 
467— 331=136° difTerence Iwtween the two temiieratures. 

18 square feet of grate x 16 lbs. conl'— 288 pounds of coal i)er 

288 lbs. coal x 8 lbs. water— ^2304 jiounds ot water evaporated jier 
hour, or 38.4 lbs, per minut*. 

Then j^ - ^ -■ ^j_j ,giSU minntea aa the time necessarj' to burst a 
boiler by over-pressure under the conditions staled. Now iE the 
strength of the shell abould be reduced by bad workmanship, or 
through any defect in the material, or the thickness reduc^I by 
corrosion, or from any other cause so that the shell is rwluced to 
400 i)ounda or 300 pounds aa the ultimate strength to resist pres- 
sure, we see in how short a time it would bo possilile to generalea 
steam jiressure that would have sufficient jiower to tear tlie boiler 
asunder IE oni;e it l>egan to yield and there was no outlet for the 

It might Ije said that the above is not a Bupjioaable tase, and 
that such a condition of afTairs could not exist in any well regu- 
lated establishment, i^o far from its not Iwitig a Kupposable case 
there is abundant reasou for believing that it not unfairly repre- 
sents the real reason for a. very great iiumlier of boiler explosions. 



Such a disaBter would be likely to occur wlien tbe engine was not 
running anil the safety valvo was not in good condition. 

In order to show how easily it is to be misled into r sense ot 
security through sheer ignorance o£ facta, and to show tliat safety 
valves if not carefully watched and kept in good condition will 
through neglect become positively dangerous, is abundantly shown 
in the fallowing figures compiled from, four annual reports of Mr. 
J.M.Allen," Hartford, Conn., showing that in theregular course of 
busiiieea they discovered in all 1672 defective safety valvea ot 
which 678 were regarded as dangerons. 

In the great majority of cases tbe cause of exr>Iosion is simply 
the unfitness ot the boiler for tlie pressure at which it is worked, 
the unfitness in some instances being due to original malconstruc- 
tion, an<l in others to the neglected condition into which the boiler 
has been allowed to fall ; the plates being frequently wasted away 
by corrosion till reduced to the thickness ot ordinary cardboard. 
Thus boiler owners liave it in their own power to prevent by far 
the greater number of these Accidents by simply erecting good 
boilers instead of low-priced inferior ones, and keeping them in 
an eliicient state of repair. 

The notion that there is a mysterious and occult agency at work 
in the Interior ot a boiier which may, and sometimes does, liberate 
itself and thereby produces disastrous boiler explosions is how 
happily passing away. It is true there have been terrlQc explo- 
sions which have resulted in loss of life and great destruction o£ 
property, and which have never been satisfactorily explained, 
but this by no means atrenglhens, much less does it prove, any 
such theory. 

There is now little doubt in the minds of those who have made 
Ixiiler explosions a study, that with few exceptions a gorKl and 
sufticient reason for the occnrance could l>e furnished not only, 
butinmanycasesif not in most ot them, the explosion might 
have been entirely prevented by a careful external and internal 
examination. 

Inspection. — A careful external and internal examination of a. 
boiler is to be commended for inatiy reasons. This shoulil he as 



frequent as passible Biul thoroiiglily done; it should iuclude the 
boiler not only but all tlie attactiments which affect its working 
or pressure. Particular alteotioii should be paid to the exnmina' 
tion of all braces and Blaya, safety Vidve, pressure gauge, wat£r 
gauges, feed and blow off apparatus, etc.; these latter refer more 
particularly to constructive details necessary to proper iiiaiiago- 
ment and safety. The inspection would obviausly be incomplete, 
did it not include au examination dntothe causes of " wear and 
tear," and determine Uieextent to which it had progressed. Among 
the several causes which directly lend to rendering a boiler unsafe 
may be mentioned the dangerous results occasioned by the over- 
heating of plates, thus changing the structure oE the iron from fine 
granular or fibrous to coarse crystalline. This way easily be 
detected by examination, anil will in geneml be found to occur in 
such cases where the boilers are too small for the work, or fired 
too hard, or have a considerable accumulation of scale or sediment 
in contact with the plates. Blistered plates are almost instantly 
detccte<I at sight, so also is corrosion from whatever cause it may 
have proceeded. 



Corrosion of Boiler Plates. — Iron will corrode rapidly when 

subjected to the iiitermilteiit action of moisture and dryness. 
Ijind boilers are less subject to corrosion tlian marine boilers. 
Tlie corrosion of ii boiler may be either external or internal. 
External corrosion may in general, lie easily prevented by care- 
fully caulking all leaks in the boiler ; by preventing the dropping 
of water on the plates, such forcxample, as from a leaky joint 
in the steam pi[ie or from the safety valve. A leaky roof by 
allowing a continual or occasional dropping of water on the top of 
a boiler especially if the boiler is not in constant use, wouL! 
promote external corrosion. Sometimes external corrosion is 
caused by the use coal having sulphur in it, and acts in this way : 
the sulphur passes ofl* from the fire as sulphurous oxide, which 
often attaches to the sides of the boiler; so long as this is 
dry no especial mischief is done, but il it comes in contact with a 
wet plate the sulphurous oxide ia converted into sulphuric acid 
over so much of the surface as the moisture extends, this acid 
Attacks and will in time entirely destroy t\\ih \ici\\<£t -^X^Oue. 



Internal corroaion is not bo easily nccounteii for and is very 
tlifficult to correct, especially wlien it occura above the water line. 
It is generally believed to be due to tbe action of nciJs in tlie feed 
'water. Marine boilera are especially subject to intemul corroeion 
when used in. connection with surface condenserB. A few years 
ago it WHS generally aupposeil to he due to to galvanic action, but 
that idea ia now almost entirely given up From the fftct that 
boilers uaing distilled water fed into them from surface condensers 
are more liahle to internal corrosion than other boilera has led to 
the theory that it is the jiiire water that does the mischief, and 
that a water containing in slight degree a. scale funning aalt, is to 
he preferred to waterwhich is absolutely pure. 

Whatever may be the trutli or falsity of this theory it is a. well 
«Btablished fact that distilletl water has a most [lernicious action on 
Tarions metals, especially on lead and iron. 

This action is attributed to ila peculiarly ]iroperty, «s compared 
■with ordinary water, o( dissolving free carbonic aciil. 

One of the worat features in connection with internal corrosion 
is that its progress cannot be easily traced on account of the boiler' 
being closed while at work. As it does not uaiially extend over 
any very great extent of surface the ordinary liydranlic test fails 
to reveal the locality of corroded spots, the lianimer teat on the 
contrary rarely fails to locate them it the plates are much thinned 
by its action. 

Testing Boilers.— It is the general practice to apply the hy- 
draulic test to all new eteam boilers ut the ]>1h(« of nmnufucturc, 
and before shipment. The pressure employed in the lest is from 
once and a half, to twice the intended working steam pressure. 
This teat is only valuable in bringing to notice detects which 
would escape ordinary inspection. It is not to be nssuraeil that it 
in any way assures good workmanship or material, or good design, 
or proper proportions; it simply shows that the lioilcr being 
tested is able to withstand this pressure without leaking at the 
joints, or distorting the shell to an injurious degree. 

Bad workmanship may often l>e detected at a glance hy an expe- 
rienced jwrson. The material jnust be jud];ed by the leiiaile 
Mrength and ilactiUty of the sample tested. Tliu design and 



propcirtioni are to Iw jmlgeil on conetrniitivo groiincls, snil liave 
little nr iiothiiit; in coinniuii wiUi llie liyilraiilic test. 

Tlie great majority of liiiycrB of sluani boilers liave lint little 
knowleilgo on the subjet^t of t<-sta, and too often foncluile that U 
tliey liave a certified copy at a reconi showing that a particular 
boiler withstood n teat of Bay 150 Ilia, that it is a good itnd aafe 
boiler at 73 to 100 pounds steam pressure. If the boiler is a new 
one and by a reputable maker that may lie true; if it has been in 
use Itnd jxit upon the market as a second-hand boiler it may be 
anything hut safe at half the pressure named. 

By the hydraulic test, the brawa in a boiler may be broken, 
joints strained eo as to make them leak, bolU or plna may be 
eheareil off or so distorttvliialribeot little or noservii^e inresiattng 
pressure when steam is on. 

Hammer Test.— The practice o£ inspecting boilers by sounding 
with a hand lianmier 13 in many reRpectS to he commended. It 
requires some i>ractical experience in order to delect blisters and 
the wasting of plates, by sound alone. The hammer test ia 
esjiecially applicable to the thorough insjiection of old boilers. 

It frequently hajipena in making a test tliat a blow of Ibe hand 
hammer wilt either distort or it be driven entirely through the 
plate; and it is just here that the superiority ol Ihia method of 
testing over or in connection with the hydmnlio test, becomes 
luUy apparent. The writer once knew a loromotive which had 
been run into the repair shops lor some sli^t repairs, and after- 
wards was Buljjected to the nsuat hydraulic test and was found to 
l>a tight, it was then run into the round-houso for service, bnt 
before it was fired it wnsaccidenlly discovereil by a boy's "fooling" 
around the fire l>ox with a hand hammer that the plates which 
were originally fivc-sixteenlbs inch thick had been rednoctl in 
sotnc places hy corrosion to n thickness scarcely niore than one- 
sixteenth inch. 

This Incident is iiitroiluced by way ot a digression simply to 
show the value of the hammer test and the insufficiency of a 
hydraulic test In the i^ase of boilers which have been for some 
time in service. 

The location ot slays, joinlB, and boiler fittings all modify and 
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are apt to mislead the inspector if lie depends upon soUnd alone. 

There is a certain spring of the hammer and a clear ring indici- 
tive of sound plates which are wanting in plates much corroded or 
blistered. 

The presence of scale on the inside of the boiler lias a modifying 
action on the sound of the plate. 

When a supposed defect is discovered a hole should l)e drilled 
through the sheet by which its thickness may be determine<l as 
well as its condition. 

« 

The literature of boiler explosions is by no means scanty and 
varies anywhere from sound practical exx>erience to the most 
visionary idealism ; but those who have most to do with steam 
boilers, and whose business it is to trace results to causes, are 
singularly unanimous in the opinion that almost without excep- 
tion boiler explosions may be traced directly back to the causes — 
over-pressure and neglect. 
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CHAP. VII. 



THE SELECTION OF AN ENGINE. 

There nre so Bmiiy conflifting statements in regard to the 
merits and demerits of tlie several engines plnoed in llie niarket 
that one is oCtea confuseil in judgment, and scarcely knows how 
to jirwieed in the matter ol selection. 

It 13 easy to advise tliat, "when you are ready to buy seleut the 
best engine, for in the long run the best is the cheapest." 
So one would pretend to deny this as a general rule, yet there are 
cirtunistanees which so inaterially modify this rule that it would 
Beera, to a casual observer to be entirely set aside. There are 
localities in whii;h the price of fuel is so low that it scarcely war- 
rants the doubling of the price on an engine to save it; and in 
sucb localities tlie owners usually want au en);ine of the very 
simplest construction, hence, they almost invariably select an 
ordinary slide valve engine with a throttling governor. This 
selection is made for several reasons, among which are low first 
cost, simple in detail, remoteness from the manufacturer or from 
repair shops. 

For sniatl powers in which it is desirable that the investment 
be ss low HB consistent with cominercial success, the engine selected 
slioulil l>e fitted with a common slide valve, this will in general 
apply to all engines liaving cylinders eight inches or less in 
diameter. 

It ui)on a thorough canvass of the situation, it then lie thought 
aOvisahie to employ an automatic cut-off engine, tlie next question 
would probably l>e whether it shall he fitted with a positive, or 
some one i>f the various " drop " movements now in the market. 

For tlie smaller sizes, say 8 lo 14 inches dismeter of cylinder, it 
will perhaps be found moat desirable to use an automatic slide 
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cut-off, of whiclitliereare n 
trade. TliJs stylti of eiigiut 
efficient, Hiid eeDtiamicnl, 

Small engines flre UHUalty required Ui rui 
spcetlK ; tliei'e is a very decitled atlvantage ii 
ecouoiiiy, as afunall engine running at a quick Ei>eeil vill be qnite 
aa elFident as a large engine running at a. slow B[>eet], wlUi llic 
furtlier ailvanlage tliat the former will not cost in original outlay 
more tlianaliout two-tliirda of the latter, wliile tliecost of upenit' 
IDg will be no greater [xir in<licateil horse ^wer. 

Lai'ge slide valves have not been found to work satisfactorily for 
any great length of time, and es[>ecialty in quick moving engines. 
They are still used in marine engines notwithstanding tlie objec- 
tions urged against tliem, for the reason that no equally efSeient 
substitute is available. 

The slide valve is still used to the almost total exclusion of all 
other kinds in locomotives. It is doubtful wbetlier n Ijetter valve 
for that particular use can be devised. It is simple, eflicient, and 
l«adily obeys the action of the link when controlled or adjusted by 
the engineer. For portable engines and the smaller stationary 
engines it leaves little to be desired in jiuint of simplicity. 

One objection to a slide valve is that it cannot readily be made 
to cut off steam at say half-stroke or less without interfering with 
the exhaust. In ordinary practice | to 3 seems to be where moat 
slide valves cut off as a minimum, perhaps J would represent 
nearer the actual average conditions. 

It can easily Ije showii that this is very wasteful of steam and 
consequently not economical in fuel; but as there are cases in 
which the loss in fuel is fully gained by other advantages, the 
ordinary slide valve will, in all probability, continue to be used. 

Balancing Slide Talves. — For very large valves, such as those 
employed in marine engines, some attachment for relieving the 
pressure on the valve face seems almost imperative. This is 
usually Bccomplishe<l by having an adjustable ring fitled to the 
back oE the valve hy which an equilibrium is established between 
the valve lace anil the area of the ring opposite, aud which very 
nearly balnnccB the whole valve. 
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There have lieeu many attempts at balancing tbe ordinary 
stationary engine valves, but witli only partial success, jilmost 
any of the devices offereil for this purpose work satisfactorily so 
long as they are new, but they presently become inoperative, if 
not troublesome. 

That some devices should work well longer than others is to be 
expected ; hut on the whole it is doubtful whether there are any 
of the so-called balanced valves which work satisfactorily after u 
year's constant service without repair and adjustment. 

The writer has tried several valves of this class and found that 
three months' constant wear without attention or adjustment was 
the average duration of their practical usefulness. There is a 
method of balancing semetimes used, which consists of a "bridge" 
over the valve and through which tlie valve elides; this -'bridge" 
taking oif the pressure from tbe back oC the valve, but in do 
manner interfering witli its action, nor is there any liability for a 
steam leak through the back of the valve into the exhaust jiort. 

The pressure on the back of a valve may be considerable, but 
just how much power is absorbed in overcoming the resistance 
due to the steam pressure throughout tbe entire travel of tbe 
valve cannot be easily determined except by direct experiment 
with the valve of an engine actually at work. There is no doubt 
that the power lost in overcoming this resistance has been gi'eatly 
overestimateil, and many devices have been brought out through 
an imperfect knowledge of the actual loss occasioned by the use 
of ait unbalanced valve, and disappointment has often been the 
only reward gained by the inventor and experimenter, who bad 
lieen lead into the belief that at least 23 per cent, of fuel was to 
be saved by balancing thetslide valve. 



The HorlzonlAl Engine commends itself on account of its com- 
jiactness, the facility with which it may be secured to its founda- 
tion and the accessibility of its several parts. 

Whether the engine shall have what is known as a box bed, or 
a girder bed, or whether the cylinder shall be overhanging or not 
will depend upon circumstances, this subject is in general, simply 
a matter of opinion or personal preference, and hau little to do i 
with the actual performance, V 
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Tertlcnl Engines occupy but little ground B]>fice aiirl are in 
favor amoiit; en^ineera, especially for small powers ; l>ui iIiId style 
of engijie is I'v no means conlincil to smnll powers as itianowtind 
has long been It favorite one for niniine eaginea. 

It is bIbo a favorite design for blowing engines, and notwitli- 
stanrling tlie objections against It, is likely to txTcnpy a ]ierinanent 
place ill engine design. 

Beam En gin ca arc, when viewed from tbe commercial stand' 
point, suitable only tor very large powers. Thia is a very expen- 
sive form of engine to conslmct, and hence should always lie litted 
with the highest clasa of automatic cnt-off lueclianiEm, except 
when it is to be employed aa a pumping or blowing engine, in 
which case the valve mechanism will, of course, be adapted for the 
service required. 

The great number of parts and joints required in a beam engine, 
eapecially when fitted with parallel motion rods, anrttlie exceaaive 
weight of the completed engine ])lace it at a great disadvantage 
when brought in competition with its more compact, simpler and 
lighter rival, — the horizontal engine. 

A great deal can he said in favor of a beam engine when it 
requires to be of large size. The piston and connections attached 
to the one end of the be^m may be exactly balanced by the con- 
necting rod and pumps on the other aide, in which case the com- 
bined weight of the beam and connections will be concentrated in 
the center bearings supporting tbe beam ; this it may be said 
applies only to tbe engine at rest ; when in motion the forces are 
differently diatribnted, for example — when the piston is ascending 
there la a tendency to lift the beam from its center at tbe beginning 
and during the continuance of the stroke, thia tendency is reversed 
during the downward movement, in either case all the straina are 
transmitted directly to tbe foundations, 

A cast-iron cylinder of large dimensions bas a tendency to 
flatten or to become oval when laid down on lis side, Tliis makes 
fitting a piston steam tight a very ditficult operation nnlcaa some 
provision be made for keeping it round ; in this respect a vertical 
cylmder Jias & very decided advantage, for it can lie bored while 



© its being iiertet'tly cyiindrical 



lu avertit-ul position find tliua ins 
■when fixed to the bed plate. 

High Speed Engines.— The genernl tendency seems now to be 
in tlie direction of a iiorizoatal engine witii a stroke of medium 
length, having a rapid piston speed, and a rapid rotation of crank 
sliaft, ratber than a longer stroke with & less rate of revolution., i 
Tbia rapid movement of ])iston and crank eiiaft permits tbe use-of ■ 
amall fly wheels and driving pulleys, and thus I'ery materially 
reduces tlie coat of on engine for a given power. 

To illustrate tbis, it maybe said that a 10x43 inch engine using 
steam at 80 pounds pressure and cutting off i Htrote, running at 
tberate of 60 revolutions perminote, may be replaced by an engine 
having a 13 x 24 inch cylinder, running at the rate ol 200 atrokea 
per minute, the pressure of steam and point of cutting off remain- 
ing the same, both engines being non-condensing, and represent- 
ing the best examples of their Itind. The difference between 60 
and 200 revolutions per minute in miliwright work is very great, 
but there is a constantly growing demand for an engine which 
shall meet sucli a requirement whenever it shall present itself; 
by this is not to lie understood an engine which shall be used at 
either speed indiscriminately, but rather a type of engine which 
shall be economical in fuel, and shall be of a kind by whicii the 
rale of revolution may be such as to suit the millwTighU work 
without loss of economy in working, and withont excessive outlay 
for the engine itself in proportion to power developed. 

Slow speed engines are designed and built from a standpoint 
«ntirely different from that of liigh speed engines ; in the former 
case the reciprocating parts are made as light as possible consistent 
with safety. The fly wheel is large in diameter and made with a 
very heavy rim, especially is this the case with automatic cutoff 
engines of long stroke and slow revolution of crank shaft. 

In high speed engines the reciprocating parts are often of great 
weight in order to insure the utmost smoothnessof running. The 
piston and cross-head are made of unusual weight tliat at the 
beginning of the stroke tliey may require a large part of the steam 
pressure to set them in motion, this absorbing of jiower at tbe 
beginning of tbe stroke is for the purpose of IcmporariV^ Wuxvcvv^V 
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np in tlie reciprcxntin^ parts that it may be given oiT ut the later 
Ijortiocs of the stroke by imparting tlieir momentum lo tlie crank; 
tliiis at the beginning of the etrolie these rei:iprocating ^iHrts act as 
nteni|>orary resistence, but once in motion they tend by theu- 
inertia to equalize tlie pressure on the crank pin, and so produce 
not only smooth running, but a very uniform motion, 

RcBDlts to be obtained In practice.— The liest automatic non- 
conilenaiiig engines furniBh an indicated horse power for about 
three pounds of good coal depending somewhat upoa the fitness 
of tlio engiiie tor the work and the quality of the coal. With a 
condenser atta::hcd a consumption as low as two pounds haa been 
reporled, but this is an exceptional result, 2i pounds may l>e 
quoted aa good practice. The larger the engine the better the 
showing as compared with smaller engines. 

For ordinary elide valve enginea the coal burned jwr indicated 
horae-power will vary from 9 to 12 pounds, for the sake of illustra- 
tion we will say 10 pounds, and that the engine is of such size as 
would require tor a years run, £3.000 worth of coal, now an ordi- 
nary adjustable cut-ofT engine with throttling governor ought to 
save at least ball that amount of coal or say $1500 per year ; it the 
beat automatic engine were employed using 2] jiounds of coal per 
horse power, a further saving of $750 per year could lie effected, 
or between the two extremes $2250 per year in saving of coal 
without iuterfering in any way with the power, with the excep- 
tion perhaps that the automatic engine wil! furnish a better power 
than the former engine. It is easy to see that, it is true economy 
to buy the best engine and pay the extra, tost of construction if the 
saving of fuel ia an element entering into the question oE selection. 

The coat of on engine for any particular service is always to 
be taken into consideration, for it is possible to contract for a cer- 
tain saving of coal at too high a price, not simply when ])aid out 
aa the original purchase money, but with this economy of fuel the 
purchaser may have many vexatious and damaging delays caused 
by the breaking cE the automatic mechanism of the engine. All 
eacA deiaya wiiich would not liave occurred to an ordinary or 
I simpler engioe, ai-e to be charged against any saving credited to 



tlie engine wliicli failed in producing a regular and constant 
power. Take ft flonring mill foresaicple, iiroUucing 400 barrels per 
day, it is easy to see liow a single d.iys etopiini^'e would interfere 
with the trade and ehipment by the proprietors, yet it would 
require a very small break in an engine that would require less 
than a day for repairs. 

This does not argue agninst high grade engines, but the pur- 
chaser should be certain that the engine when once on its founda- 
tions shall be as free from dangers of thiskind as any other engine 
of similar economy. 

There are engines which from their peculiar construction appear 
to be very complex and this objection is often urged against them, 
while the fact is the complexity ia apparent rather than real. 
Take the Corliss engine for example, it is doubtful whether there 
is another automatic cut-off engine in euccesGful use in thisorany 
other country which has cost less for repairs during the last ten or 
twenty years. It is true it contains a great many separate pieces 
in the valve mechanism, but the pieces themselves are simple, 
durable, easily aecessnble, and itlwajs in sight. These several 
parts are not liable to excessive wear, but such as there is can be 
readily adjusted. 

The engines to be preferred are those in which the valve adjust- 
ing luechanism is outside of the steam chest and whicli is in plain 
sight at nil times when the engine is in motion. 

Locfttlon of Engine. — This will depend ui)on circumstances, 
but it is far from true economy to place an engine in a dark cellar 
or in some inconvenient place above ground. The engine as the 
prime mover should have all the care and attention which 
may be needed to insum regular and efficient working. 

Machinery in the dark is almost sure to ho neglected. If the 
design of the building or the nature of the business is such that 
the engine must be located underground there should be some 
provision foe letting iu the daylight, the extra eijMinse incurred 
will soon be saved by the order, cleanliness, and fewer repairs 
required, following neglect. 

The engine should alwnys lie cluHe to, but not in the boiler 
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Many a liigb-prii'ed engine Iitia IieuI its dnya of usefulness sbort- 
ened by the flbraaive action of fine aehcs and coal dust cojning in 
contact ■wilb tbe wearing Burraces, There abould always ho a wall 
or tight partitioti between t})e engine and firo room. 

The funndations for an engine should be largo and deep. Too 
many iiianufacturera in inftrking diinensiona on foundation draw- 
ings for engines, make them altogether too shallow. Tlie stabilily 
of an engine depends more on the deptli than on tbe breadth of 
tbe foundations. Stone should be used for foundations ratlier 
than brick, but if tbe latter must he used they siiould be hard 
burned and laid in a good cement rather than alime mortar. If tbe 
bottom of the pit dug for the engine foundation be wet, or tbe soil 
uncertajn in its stability, it is a good plan to jnake a solid concrete 
block about a foot and a half thick, on which the foundation may 
be continued to the top. If such a concrete block be made with 
the right kind of cement it will be almost as hard and solid as a 
wbole stone. 

The most ecouomlcal engine is the one in which liigh pressure 
ateam can be used daring such portion of tlie strolie as may be 
necessary, then quiclily cut off hy a valve which siiall not inter- 
fere with the exhaust at the opposite end of the cylinder, and 
allow the eteain to expand in the cylinder to a pressure which 
shall not fall below tiiat necessary to overcome the back pressure 
on tbe piston. In general, the most successful cut-off engines use 
tbe boiler pressure for a distance of one-fifth to three-eigbtbs of 
the stroke froia tbe beginning, at this point tbe steam is cut off 
and allowed to expand throughout the balance of the stroke. 

Tlio gain by expansion consists in the admission of aleaui at a 
pressure much above the average required to do the work, and 
allowing it to follow but a small iiortion of tbe stroke then expand- 
ing to a lower than the average pressure at the end of tho stroke. 
The mean effective pressure on the piston is that by which the 
power of tbe engine is measured, hence it follows that tbe higher 
economy is to be reached, other things heing equal, where the 
mean effective pressure on the piston is highest when compared 
with the terminal pressure, or tbe pressure at the end of tbe 
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fitroke. Ill order to get Ihia, a high initini presaure is iiscl ; Uie H 
steam fnlli.ws aa short a distant* as possible to keep tlie motion ^M 
regular nnderalnad, and then exiwinding down to aa near the ^H 
atmospheric pregsure as possible. ^H 
The (ollon-ing table exhibits at n glance the i>erfor:nance of a H 
□on-condenshig engine cutting off at different portions of the ^M 
stroke. The initial pressnreoE steam teing in each cuse 80 potrnds H 
per square inch. ^M 
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Mean wHi-i-livt! pressure, 

Termimtl jireaHure. 

Ponnda water per h'r jier H. P. 


18 
H 
30 


35 

20 


48 
30 


57 
30 
23 


- J 


Fractions are omitted in the aljove table and the nearest whole 
number given. 

In general, it may Iw said the Iiigher the rate ot expansion, the 
greater the economy, but there are nioditying inflnences which 
are to be taken into account. 

If expansion he carried to an extreme degree the engine will 
require to he much larger than it the expansion were less, to get 
the sarne indicated horse power. In making a larger cylinder the 
whole engine would require to he larger and the cost would he 
much greater also. Builders of automatic cut-off engines are now- 
pretty well agreed on recommending an engine which shall use 
sWam from 7.5 to 80 pounds and follow one-fourth of the stroke. 

An efficient steam jacket will a-ld to the economy of the engine 
especially if the cylinder is long stroke and the revolutions of the 
crank slow. This has already been referred to in another chap- 
ter, see page 10, 

The ohjeotion to using a high iniUat pressure of steam foUow- 
iag hut a short distance, and expanding to a low terminal 
preasuru is, tor single cylinder engines, the very great variation jy ^ 
^^^^jfii^train brought upon the moving iiiechanisnit aiul vK^Axd^H^^^^f 



' on tlie orank-iiiii ; it also necessitates a larger cylinder, ami greater 
atrenglli in the framing aa woll as tlie moving imrta of the engine, 

Condensallott at Steam. — In oriler to attain tlie liighest econ- 
omy in a gtciini engine a coniicnser Bliould bo atloclied, especially 
if the cylinder be of large diameter and the average or terminal 
pressure bo low. 

Condensers. — The earliest forms of the steam engine made use 
of tlio cylinder ot the engine as a chamber for the condensing of 
the steam; thiawas, ot course, a great mistake, and operated 
agRinst ila economy. By using a separate vessel for condensation 
it ia Enid that Watt <1oiibleil the power of the engine, and since 
hia day it has been the universal practice to so construct engines 
and condensers. 

"Without being exact, it requires abont twenty-five times aa 
much water to Bueccssfully operate a jet condcnsor as that evap- 
orated in the boilers in the generation of steam to snpply the 

So long as there are no leaky joints between the engine cylinder 
and the condenser it matters little what may be the distance 
between them, still, it is on the whole, better to liave them cloae 
bother. It is necessary to exclude air from the condenser at all 
times because it interferes witli tlie formalion and inaintai nance 
of a vacuum, a:id it is for this reason that unnecessan' joints 
between tJie cylinder and the condenser are to l>e avoided. 

The injection pipes should l>e large, and as free from abrupt 
turns os possible. In regulating tlie supply of water to the con- 
denser, a cock is to be preferred to an ordinary globe valve. 

The condensing chamber may be from one-ibirvl to one-lialf the 
nrea of the cylinder, and in rt^anl to design, it may lie that which 
seems best sailed to the locnl conditions likely to affect it; snch 
for e:[3uiple, as being located below the engine room fioor, or in a 
basement removed ftum the engine room, or iierhajis on the same 
floor with the engine; these will Im^-e more or less influence iu 
ilelermining the si^ecia] form it shall have. 

Tlio object of a rondenser attached to an engine is to reduce the 
laure, or that pressure opjioeeil to the movement of the 
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piston wlieu driven Ijy the Bleam fiuHing into llie cylinder (rmn 
the boiler, 

ConJenaera ace rarely attaclicil to other engines than those 
flttpil with B cut-off; the expansion o[ steam in the cylinder could 
not in tin ordinary iiou-condensing ergine bo reduced to a, point 
much lielow five poiinda per Hqitare inch above the atmoBphere, 
but witli a condenser it may b© carried to twelve or thirteen 
pounds below it. It is apparent, therefore, that t!ie gain by the 
use of a condenser, especially in connection with pistons ot large 
area, is very considerable. 

The condenser should be kept at aa low a temperature as possi- 
ble, but this should not 1ms brought about by overloading the air 
pump with water. It ia better to lose a pound or two of vacuum 
than impose uimn the engine the extra work required to expel 
perhaps twice as much injection wafer as may otherwise be nec- 
essary to give a fair vacuum. Tbe temi)erature of the hot well la 
perhaps the lieat gnide lor the engineer, which during tlie Bum- 
mer months may be about 120° Fahr.; in the winter months it 
may be lower, hut just how much will suggest itself to the careful 
engineer who will adjust the supply so that a good vacuum may 
be maintained witli tlie least load upon the engine. 

The two limits to the temperature of the liot well ot tbe con- 
denser are, (I) the boiling jKiint of water in a vacuum and 
(2) the overloading of the air pump. In reganl to tho load upon 
the latter tlie engineer must deterniina tliis for )iiuiHeiE by the 
working of the engine, 

A good jot condenser ought to yield a vacuum of 26 inches (13 
pounds) at all times, fiometimes this may be exceeded, but in 
general it is regarded as good practice. 

The less injection used the hotter will 1» the escaping water, but 
In no case ought it to greatly exceed 120°, and wlien it can eco- 
nomically be brought below thb it onght to be done. If the feed 
■water for tbe boiler is taken direct from tho hot well it will bo 
found more economical to heat it on its way to the boiler by 
paaaing it through the esi^aping gases from the furnace than to 
increase the temperature of the condenser. 
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acting ; perhai>s most of tbeni arc single acting, in wliicli cose the 
capacitj- mny l>e onc-flftli tlint oE Itie cyliniler. 

Double acting pmni'S Bhoulil lie about one-eiglilh the capacity' 
of tlie cylinder ; a very common jiractice is to wake tliem, wbea 
not driven directly from tbe piston of tLe engine, one-balf the 
diameter and one-half the etroke oC tlie engine. 

Surrace ConilenserB are not often used in connectioa with 
stationery engines. The few that are in use are confined mainly 
to tbe Eca coast, or snch other localities as cannot furnish water 
Bufflciently pnre for the economical generation of ateam. Tixe 
procGBH of surface condensation consists in having a large receiving 
vessel into which tbe Bteani from the engine is exhausted, this 
vessel usually has an outer and inner cliamher, the latter Iieing 
fitted with Bs many email ])rasa or copper tubee as it will contain ; 
thege tubes are generally | inch in diameter. Tlie nsnal practice 
is to exhaust the steam in the outer chamlwr and outside of the 
tubes and force a current of cold water through tbe tubes ; in this 
way the lieat is absorbed from the eteam by contact wilh tbe cold 
metallic surfat^e presented by tlie lubes, and which is maintained 
at a low temperature by the flow of cold water through them, 

Tlie object sought by this device is to condense the steam fur- 
nished by the boilers after its use in the engine, and return it 
again to the boilers, and so use the same water over and over again. 
This pnre feed water is intendeil to prevent the formation of scale 
in steam boilers and thus secure an economy of fuel not easily 
attjiined by other methods. 

Steamships are now rarely fitted with other than surface con- 
densers, and although very gi'eat benefit has lieen derived hy the 
use o£ a surface over a ]ct condenser it has brought with jt evils 
of n. very serious nature, the principal one being a certain corro- 
sive action that baa been found to attack the internal surfaces 
of iron boilers using condensed water. 

Tliere has been bo far no satisfactory esplanation for this c»hto- 
sive action ; among other theories in regard to it is tliat certain 
fatty matter U8e<l in lubricating the valvea and piston is carried 
over with the exhaust steam and so passes into tbe boiler with the 
feed water; it is there decomposed and acta on the iron as a 



chfiniicnl solvent. The correctness of tliia theory liaa never been 
■proven, and is gradually losing grounil. 

GiJvanio action has also been su^ieated as accounling for the 
corrosion though it has now but few adlierentB. 

Tlie canse o! this singular and rapid corrosion oC Bteain boilers 
when need inconnectionwith surface condensera is not thoroughly 
understood. 

GoTemor, — Any automatic device liy which tbe spceil of an 
engine is controlled may properly lie called a governor. There 
are now two distinct inethoiia by wliich the steam supplied to an 
engine is thna lirought under control. The first is usually applied 
to slide valve engines having a Axetl culroff, and consists in the 
adjustment of a valve by which the prctsare of steam in the 
cylinder ia increased or diminished in order to maintain aconstant 
rate of revolution **ith a variable load. The second device con- 
sists in a mechanism by which the whole boiler pressure is 
admitted to the cylinder which is allowed to follow the piston to 
such portion of the stroke ae will maintain a regular rate of revo- 
lution ; the steam is then suddenly cut off at each halt revolution 
oE theengineand thus furnishing a greater ot less lyrfume of steam 
at a constant pressure. 

Seither of these two varieties of governors will act until a 
change in the rate of revolution of the engine occurs, and this 
change will either admit more or less steam as it is faster or slower 
than that for which the governor is adjusted. 

The commonest form of a governor consists of a vertical shaft 
to which are hinged two arms containing at their lower ends a 
ball of cast iron ; as the shaft revolves the balls are carried out- 
ward by the action of what is commonly called centrifugal force, 
the greater the rate of revolution the further will the bolls be 
carried outward, advantage is taken of this property to regulate 
the admission of steam to the engine. 

The action of the balls and that oE the valve include two dis- 
tinct principles and should l)e considered separately ; an excellent 
valve may be manipulated by an indifferent governor and so 
produce unsatisfactory results; on the other han<l, the governor 
mechanism may be satisfactory in its operation, but lieiug c 
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nectad with a valve not properly lialaiiceil, Is likely lo cause a 
varinble rate ot revolution in tlie engine. 

The writer is Boinewhut scquainteil with the liistory of the 
growth of Beveral governors now in good repute, ntut it Beeine to 
be inseparable from their final completion, that a long and vexa- 
tious period of practical experimenting with eaeh size ehall 
intervene hetween the original design and a reliable marketable 
product. Tbia has bad the effect to concentrate the manufacture 
of govemora in the Iiands ot a lew persone who by the aid of 
epecial machines and careful adjnstment of details to requirements 
have produced governors which are not surpassed in any countrj'. 



Fly-Wheel<~The object iu attaching a fiy-wheel to au engine is i 
to act as a niaicrator of spceil. Tlie action of tlie steam in 
cylinder is variable throughout the stroke, against wliich the ' 
revolution o£ a heavy wheel acts aa a constant resistance, and 
limits the variations in speed by absorbing the eurpliis powc 
the first portion of the stroke, and giving it out during the latter 
portion. The fiy-wheel is simply a reservoir ot power, it neither 
creates nor destroys it, and the only reason why it ia attachud to 
an engine is simply to regulate the speed between certain permit- 
ted variations whicli are necessary to CAUse the governor to act, 
and to equalize the rate of revolution for all portions ot the J 
stroke, thus converting a variable reciprocating jiower into a I 
constant rotary one. 

It is considered good practice to make the diameter of tlie fly- 
wheel four times the length of the stroke for ordinary engines, 
in which the stroke is equal to twice the diameter of the cylinder. 
This may be taken as a fair proportion in engine Imilding, and 
fambhea a wheel sufficiently large to equalise the strain, and 
retluce any variation in speed to within very narrow limits if the J 
engine is supplied with a proper governor. 

The greater the number of revolutions at which the engine I 
mna the smaller In diameter may be the fly-wheel, and it may ] 
also be largely reduced in weight for engines developing the sat 
power. 

£drse-PoJrcr.—l\\' this term is meant 33,000 j-oimiiH mise^l o 
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foot high in one minute. The horse power of an engine may be 
found by multiplying the area of the piston in square inches, 
by the average pressure throughout the stroke, this will give the 
total pressure on the piston ; multiply this total pressure by the 
length of the stroke of the piston in feet, this will give the work 
done in one stroke of the piston ; multiply this product by the 
number of strokes the piston makes per minute, which will give 
the total work done by the steam in one minute ; to get the horse 
power divide this last product by 33,000. 

. From this deduct say 20 i>cr cent, for various losses, such as 
friction, condensation, leak|ge, etc. 




me 



CHAP. VIII. 



CARE AND MANAGEMENT OF A 
STEAM ENGINE. 

It is to be eapposeil lo ln'giii witli that tlie eiighio in tnrrectly 
deBigne<I ami well uinile, aixl thnlftller a eiiitHble Belevtion oE 
engine, for tlie work to be done iiotliing now reiiiaiiiB except a 
proper care and luanajjeuient. 

Lnbrlcntion.— TIio first and all iniporlnnt thing in i-egar 
keeping an engine in gooil working order is to see that it is prop- 
erly ]ubri(»ted. This doea not imply, neither is it intended to 
encourage the nBe of oil to expesa ; all that is needed is simply a 
film of oil between the wearing gurfacea. It ia marvelooB how 
sntsll It quantity of oil is required when of good quality and con- 
tinuously applied, Tliere are several self-feeding lubricators 
the market which have been tested for years and arc a pronounced 
success; these include- erank-pin oilers in which the oscillatory 
motion of the oil makes a very efficient self feeding device, the 
flow being regulated by means of an adjustable opening to the 
crank-pin, or in the adjustment of a valve by which its lift is 
regulated by each throw of the crank; and in others by a 
tinual flowthrongh a suitable tube containing a wick or other 
porous substance. For stationary engines it is desirable that the 
main body of the oiler be made of glass that the flow of oil may be 
closely watched and adjusted accordingly. 

Tor the reciprocating and rotary parts of the engine, a modifica- 
tion of tlie above mentioned oilers may lie used. They are of 

ioua patterns and devices and many of tliem very good. It is 
a good ])lan to have some device by wiuch tlie cross-head at 
mill of eiicli stroke will take up and carry with it a certain 



amount of oil ; for the lower haU of tlie slide tbis is iif>t difficult 
to arrange, lor the upper Bid« an aiitomatic feeder placed lii the 
middle of the elides will provide ample lubrication. 

For oiling the main bearing there should be two separate devices, 
one an automatii! glass oiler, and in addition, a lai^ tallow cup 
attached to the cap of the bearing, Tliia cup should he filled with 
tallow mixed with jwwdered plumbago ; the openings from the 
bottom of the cup to the shaft should be not less than quarter-inch 
for fimall engines, and three-eighths to half-incli for larger ones ; 
SO long as the main bearing rung cool the tallow wilt remain in 
the cap unmelted, hot if beating begins the tallow will melt and 
run down on the aurfate of the revolving shaft and thus provide 
aa efficient remedy when needed. 

For oiling the valves and piston a self-feeding lubricator shovdd 
be atlftched to the steam pipe, this by a continuous flow of oil will 
be found not only satisfaetory in its p^BCti(^al working but econom- 
ical in the use of oil. 

In seleeting an oil for an engine it is in general better to use a ' 
mineral rather than an animal oil, espet-ially for use in the valve 
chest and cylinder. The objection to an animal oil, and especially 
to tallow or suet is that it decomposes by the action of the heat, 
often coating the surface of the steain cheet, the piston ends 
and the cylinder beads with a deposit of hard fatty matter, or 
forms into smalt halls not unlilie shoemaker's wax. There is no 
Bach decomposition and formation in connection with mineral oils 
whifh may now be bad of uniform quality and consistency, 
and at much lower prices than animal oils. 

The Slide Valve should be kept properly set and should be 
examined ocuasionally to see that the face and seat are in good 
condition. So long as this is the case, the valve mechanism an<l 
the valve itself must be let alone, and not tampered with. It is a 
part of the manufacturers business to set the valve and jiroperly 
fit and adjust the valve connections before the engine leaves the 
shop; the eccentric should then be iceyed to the shaft and not 
held hy a set screw, as the latter ia likely to work loose and make 
lota of trouble. If the eccentric is keyed to the abaft the only 
adjustment necessary in the valve coimection is to take vp the 



wear of the joints, tliis is easily done an<I will iii>t require doing 
oftener than once or twice a yenr, depending on the care ■ 
engine receives. 

Shonlil tlie ect'entric he iasten»{ by meane oF a set screw 
instead of a, key, and it slioiild work loose after running for some 
time, it may easily be brought bac-k to the original position' by 
taking off the steam chest cover nnd after placing the engine on a 
dead center, move the eccentric around the shaft until the valve 
is jnst about to open the port; care being taken that the center 
line of the eccentric " leads " the crank-pin in the direction in 
which the engine is to run if the connections are eo made, if 
not, then the eccentric must be moved around on the opposite 
side of the shaft. When this adjustment is made, secure the 
eccentric by tightening the set screw ; then turn the engine over 
to the other dead center and ascertain how near the valve is oi 
on that side ; whatever diflbrtmce there may be can easily be i 
adjusted by means of the nuts on either side oC the valve or at tbe { 
eccentric if the adjustment is to Iw made there. 

After etiualining the opening of the valve for the two dead 
centers the eccentric is to lie permanently fixed to the shaft. A 
mark ehould be affixed to both the eccentric and the shaft when , 
in proper position, ea that in the event of any future slippage it 
may be brought back to the same place without having to re-set 
the valve. "When u key is useii instead of a set screw, such a | 
thing as sliiipage of the einvnteic becomes iuiiiossibte, and s 
engine cannot be said to be cuuipieted until that ia done. 



Lead is the amount of o]wiiiiig which a valve Jiaa when it is juafe J 
beginning the stroke. 

It is not novf customary to give enginea lead except in special 1 
instances when it is fouml to be absolutely necessary. The I 
exhaust side of the valve is so proportioned tbat the "exhaust" 
orthosteomremainingin the cylinder is cushioned up to pressure I 
at tbe beginning of the next stroke. It is claimed that it efitecta a I 
greater saving of steam than if there were no cushion and tha I 
valve had lead. Esact data are wanting on this point, but so &r 'I 
the prevailingMipiuiou and practice is in iavor of cushioning. 



The Platan Packiug will neeil looking nller occasioiially to se» 
thxt it Uoee not gum up anil etiuk fRst, wliidi it ie very likely to do 
when the tyiinder is lubritateil with tallow or animal oil. 

The rings should fit the cylinder loosely and sliould be under aa- 
little teiisioti as possible aiid iuHUre perfect contact. It the rings 
are aet out too tight they arc liable to scralch or cat the cylinder ; 
if too loose the steam will blow tbrouglk from one end of the 
cylinder, ■past the piston, and into the other. In adjusting the 
epringa in the piston care must be exerciseit ttwt tlie adjustments 
are such as will keep the piston rod exactly central, to prevent 
springing the rod or causing excessive wear on the stuffing box. 

There are several ]>ackinga which do not require tliis adjustment, 
the rings being narrow Bn<l either expanding liy tlieir own ten- 
eion or by means of springs iindernenth. Tlie only thing to be 
done with such a packing is to keep it clean, and when lubricated 
with a mineral oil this is not a diHicult matter. 

Steam packages are also largely used, their use haa not l>ecome 
BO general aa spring packings, though in some localities they are 
extensively used, such a packing possesaea several good talking 
points. With this style o[ packing Ibe only thing required is to 
see that it is kept clean, and the openings free for tbe admission 
of the steam. 

The Stnlflng Boxes whether for the jiiston or valve stems need 
to be looked after carefully, and to prevent leaking will require 
tightening from time to time. There are several kinds of ready- 
made packings in the market containing rubber, canvaa, sonp- 
stone, asbestos and other s» I latances which form tbe basis of agood 
durable pai'king. Tliese can be bad in sizes suitable for all ordi- 
nary purposes, and their use is recommended. 

In the absence of any of these, a packing made of clean manilla 
or hemp fibre will serve a useful purpose. Formerly it was the 
only 8ul}stani« used, but is being gradually superceded by tbe 
other kinds mentioneil above. 

In pnckingtlie suial! and debcale parts such as a governor stem, 
a good jiacking is made by plaiting together three or more strands 
of cotton cimdle-wick, TLis is soft, pliable, free from anything 
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like grit, and nill not get linnl until Bonkeil uitli fti'ease and baked 
into a brittle fibreless Bufwlance not easily (iestribei!. 

Crank-Pins.— There are few things more troublesome to an 
engineer than a hot crank-pin, and it is Boinetinies very- difficult to 
get at the real reaaon why it beats. Among the principal reasons 
for heating are : the main shaft ia not " square " with the engine, 
or, that the pin is not properly fitteii to the cmnk, or perhaps it ia 
too small in diametet, defects which are to lie remedied as soon as 
practicable. Heating is often caused by the hoxea being keyed too 
tightly, or by insufficient lubrication. 

There are now several good self-feeding lubricators in the market 
which will supply the oil to a crank-pia continuously, these are 
recommended rather than the old style of oil cup which waa not 
only uncertain but doubtful in its action. Many troublesome 
crank-pins have beeu cured of heating by this simple matter of 
constant lubrication. 

When the crank-pin is rather small tor the engine, and tlie load 
variable, there is a possibility oE having a hot pin at any titue ; it is 
advisable to have ready some simple and effective expedient to be 
applied when it does occur.j for thia there is ))erhai« nothing 
better and filler thitn a mixture of good lard oil and sulphur. 

Connecting Rod Brasses.— In quick running engines the brasses 
should be fitted metal to metal, or if this is not desirable, several 
strips ot tin or sheet brass should be inserted l>etween tliem and 
then keyed up tight. This gives a rigidity to a. joint which is 
difficult to secure when the brasses have a certain amount of play 
in the strap. 

It is a common practice to bore the brasses slightly larger than 
the pin, so that when fitted to it the hole ehati 1« slightly oval 
and thus permit a Ireer lubrication, tlian ia secured by a close fit 
around the whole circumference. 

Knocking. — There are several causes which, combine'l or singly, 
tend to produce knocking in steam engines. 

In most cases the difficulty will be found to be in tlie connecting 
Tod brasses, but whether iu thecrank-pinend, or at the cross-head 
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IB not easily determined in all eases. A verj* slight motion, ■will 
often produce a very disagreeable noise, the remedy is in most 
caseB very simple, and consiels in simply tightening the brnssea by 
means of tbe key or other deviee that may have been provided 
for their adjustment. In adjusting a key it is tbe common prac- 
tice to drive it down as far as it will go, marking uilli a knife 
blade the upper edge of the strap, tlien drive the key liack until it 
is loose, after which drive it down again until the line scratched 
on the key is within i or J o£ an inch of the top of the Btrap. The 
BiBe of the strap joint, and the judgment of the person in charge 
must decide the best distance. This may be done at both ends of 
the connecting rod. On starting the engine, the cross-head and 
crank-pins must be carefully watched, and upon the slightest 
indication of heating, the engine should be Btopi)eiI anil the key 
driven back a little further, A slight warmth is not i>articularly 
objectionable, and will as a general thing correct itself aft«r a short 

Knocking is sometimes occasioned by a misfit either in the 
piston or the cross-head, and tiie piston-rod. These connections 
should be carefully examined, and under no circumstances should 
lost motion be permitted at either end of the piston-rod. 

If the means of securing are such that the person in charge can 
properly fasten the piston to the rod, he should see that it is kept 
tight, if not, then it should be sent to the repair shop at once, as 
there is jio telling when an accident is likely to overtake an engina 
with a loose piston. 

The connection between the piston-rod aijd cross-head is usually 
fitted with a. key and furnishes a ready means of tightening tlie 
joint, if proper allowance has been made for the draft of tlie kej-. 
In case there lias not, the piston-rod and crosa-head should l)e 
Sled out so that the draft of the key will insure a go^d tight joint 
when driven down. 

The main bearing should be examined and if there should be 
too much lateral movement of the shaft, the side bmases slwuld 
then he adjusted until the shaft turns free, but hasuo motion 
other th(Ui a rotary one. The cap to tlie main Ijearing should also 
bo carefully examined, as it may need eciewin^ i(i'«Ti"^^^^^, 
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prevent an upward moTemeut of tlie shaft nt each etroke, Ihis 
applies luore particularly to quick running engines. 

SogineB which have been in use for Bomo time are likuly to 
have a knock caused l>y the piston Htriking the head. This 
.brought about by having a, very sinall clearance in the cylinder 
un<l in not providing by suitable liners for the wear of th 
necting rod brasses. 

In a cose of this kind, liners should be inserteil 1>«hiud the 
liraeses in the connecting rod, or new braGsea jiut in which 
restore the piston to its original position. 

Knocking may be caused by defects in the construction of the! 
engine, such for example as not being in line, the crank-pin in 
at right angles to the crank, tiie sliaFt may be out oE line, etc 

"Whenever (he cause is one in which it can be shown that it is 
constructive defect, there is bub one remedy, and that is thQ 
replacing of that jiart, or the assembling of the whole until jiep 
feet tmth is liad ni alignment of all the parts. 

This may or may not require the services of an expert, but ali 
improperly fitting jiieces should be replaced by Jiew ones, as 4 
eafe-gnard against accident which is likely sooner or later to ovW 
take badly fitting pieces. 

If the boiler is furnishing wet steam or priming so as lo iottt 
water into the steam pipe it will collect in the cylinder and wil 
not only cause knocking, but on account of its being practically 
incompressible there is danger of knocking out a cylinder-head 
bending the piston-rod, or doing other damage to theengine. Thi 
cylinder cocks should be opened to drain any collected wate) 
away from the cylinder. 

Steam Jackets.— In order to secure the advantage of steam-jocjE 

eting it is not sufficient to merely place around the cylinder j 
casing which may contain steam ; c 

I steam. 

must be provided for keeping the jacka 



e must be taken that thi 



jacket always dofe 

In other words, 1 
clear of water and 

Too many jackets are "steam" Jackets only in name, and hen 
the contradictory testimony which has arisen regarding tin 
action. Few but those who have actually tried it, fully appreciate 



how Boon aj'm'ltet may beremiererf ineffective by tlie accumulation 

Repairs. — Whenever it is necessary to moke repairs the work 
ehoulil ]« done at once, oftentimes a single days delay will 
increase the extent and coat four-fold. It an engine is properly 
designed and built the repairs required ought to be very trivial 
for the first few years it is run if it has liad proper care. It may 
be sail) in reply to this "true, but accidents will happen in spite of 
every tare and jirecaution." That acddenia do occur is true 
enough, that they occur in spite of every care anil precaution 
is not true. In almost every case accidents may be traced directly 
back to either a want oE care, negligence, or to a mistake. 

Fitting Slde-Talves.— The practice of fitting n slide-valve to its 
seat by grinding both together with oil and emery is wrong and 
should never bo resorted to, Tho proper way to fit tho surfaces ia 
by scraping, this insures a more accurate bearing to l)egin with, 
and will also bo entirely free from the fine grains of emery which 
find their way and become imbeded in the pores of tie casting 
and are thus liable to cut the valve face nud destroy its accuracy. 
The scraping of the valve and seat hasabeneficial effect by causing 
the removal of the fine particles of iron which are loosened by the 
action of the cutting tool in the planing machine, and which 
ought to be fully removed before the engine leaves the manufac- 
turers hands. 

Aside from this it is doubtful whether tlie scraping amounts to 
anything practically, for the reason that the cylinder and valve 
are fitteit cold and their relative positions are distorted by the 
action of tlie heat of the steam, once the engine is in use. The 
scraping which simply renders the valve face and seat smooth 
and hard is all that ia sufficient to begin with, and maybe 
re-scraped after the valve baa been in use a few days, should it be 
founil necessary ; which wilt not often be the case in small aiid 
ordinary sIkciI engines. 

Eeceulric Stra|is are likely to need repairs as soon as anything 
about au engine. They ahoultl be carefully wattitwd ».V. «^\.'u.'U3K!«>. 
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If they are likely to niii liot, it is also prolwble lliei 

Icae Hbrasion or cutting soiiig on, i{ bo, and prompt ii 

not taken to Hrrs^Ht it, tiiey are likely in vmI fHstloIhe ect»ntrl4 

and a breakage is sure to oticiir. 

When Ibe strain 1)«gin to lieat, tlie liolts nhoulil lie nlackened i 
little and nt iiiglit or perhajs at noon, tlie straps Blioiild lie takeifi 
off and all (iiiltings carefully renioveil with n si'ra]ier, (not with< 
file) the rough Burfaces on the ecpeiitriu should he removed in th^ 



The straps should be run loose torn few dtiys, gnidmilly tighti 
ing ns a good wearing surface \b obtained. 

Hie 9Taln Bearing, if neglected, is » very IroubleBomo joun 
to keep in oriler. The repairs generally iieeileil are those wMcll 
attend overheating and cutting. I'be Ehafl, whenever posaibla 
should he lifted out of the bearing and lioth the shaft, bottom o 
main hearing and side boxes carefully scraped and made jierlectl]) 
smootb. It sometimes occurs that small beads of metal project 
above the surface oE the shaft which are often so hard that 
neither a scraper nor file will I'emove Ibem, chijiping is the& 
reaorteil to and the fitting conipleled witli a file and fine ei 
cloth. 

€>«rernor. — It not iiifreiinently occurs that after aii ordinary 
throttling engine haa hcon used a few I'ears, that tlie spe 
becomes variable to such a degree that it interferes with t 
proper running of the machinery. This occurrence can generall] 
be traced directly to the governor. When it docs occur the gov 
emor should be taken ajmrt and thoroughly examineil ; if tlri 
neetled re|iairs are siich as can easily bo made in an ordinar; 
repair shop they should be made at once, it not, a new govemoi 
should be purchaseil. The price of governors is now so low tha 
it is better and more economical to buy a new one than lose tb 
time and jHiy the bills for repairing an old one. 

Aatoinatic Engines.— In the care and mani^ment of this olaa 
oF engines it is difficult to say just what particular attention the; 
need, owing to the variety of styles and the peculiarities of each. 
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Ab b nile, however, they require Sral, lo lie kept well oiled ; sec- 
ond, to be kept clean; tliird, to l>e kept well packed; ani! fourth, 
to be let iilono nights and Sundays. 

There is little doubt that there lias heen more direct loss resnllr 
iug from a ceaseless tinkering with an engine thnn. results from 
the legitimate wear and tear to which the engine is sobjected. 
The writer does not wish to be understood >ui saying thnt bailders 
of this dass d[ engines are infallible ; it might he difUnlt to prove 
any such assertion in case it was niaiie, liut it may lie said wilb 
truth that thii engines of this clasa now in the market are care- 
fully designed, well pro port ioneil, of good maleriHls ami work- 
manship, and as examples of mecbanisnt are entitled lo take very 
high rnnk. 

Tlie writer knows of several engines of this clasa which have 
not cost their owners for repairs bo mnch as Hve dollars in five 
yesrs' constaut use. 

A mannfactiirer writes Ihns, (o lo tbebnilder nt hie engine: 
"The engine whicli you fiirnisheil us (16x30) has been in con- 
Htant use for more tban. four years, running at 132 revolutions 
per minute, sometimes as anxiliary to water power and some- 
times at its full power. It has cost ns notbing for repairs." 

It is essential to the economiral working of these engines tliat 
the cut-off mechanism be in gooil ordernnd iiroperly adjusted. 
Whenever tlie valves need re-setting the final adjustments should 
be made with a load on the engine, and with the indicator 
attachpil to the cylinder, the valves being set by the card rather 
than hy the eye. No general rule can 1« given for setting the 
valves as the practitie varies with the sij* anrl speed of the engine, 
nor ia any rule needed, for the indii'ator will furnish all the ilntn. 
reqnired. Tlie adjustments may then be made so as to securu 
prompt Mtmiesion, sharp cat-oS', prompt release, and the proper 
compreBaion. 
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PORTABLE ENGINES. 

In tlie preparation o£ tliia I'iiapler it ivns tlioiiglit best t 
bine Uie Eubjects of Belectioii Htut uianHgcment in tlie Haiiiu 
iiisteail oF eeparating tlieia rs in tlie preceding cliapters. This J 
neueasitateil in some i.tises a repetition oJ what liad iilready lieea ] 
expreaaed. One o£ tlie principal objects in writing tliia Iwok w 
to furniBh fanners and others who have octaaion to use jJortable 1 
engines h i>ractical guide to Rssiat them in cars and maniigeinent. I 

Selection. — In the selection oF a ]>ort!ible engine prefer 
should be given the one which combines in the highest degi'e 
good proportions, simplicity oF detail, <.-ouipftclnesH, slmngtlliJ 
lightness, good -workmanship, jnterchangeability oF larts, 
affording the readiest facility for ej£amiualion, cleaning and ' 
repairs. 

EBiciency and durability may he combined with neatness and ' 
symmetry oF form. It does not always occur that lliese ara 
brought into one barmonioua relationship. Between pleasing tba 
eye merely, and doing good worli, the latter is, of pourse 
preferred. 

Boilers. — By far the greater number oE jiortable eiiginea ar« 
aupplieil with boriBonlal fire-box Itoilers. This style o£ boiler ifi 
^uito H favorita one witli most manufacturers liecnuse it oFTero aU 
once ft convenient support for the engine, a gooii distribution la 
weight on the wheels, large fire-box capadty, good circulation^^ 
ample steam room, and has good steaming capacity with ordinary I 

The Mttterluis ol which tlie boiler is made may be eitlie 
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or steel. In case eteel sliould be used it Bliould be no thinner 
than if tlie boiler were made ol wroitglit iron; one-quarler inch 
pUtes are commonly iiaed [or tliis jmrpose. Tlie tensile Btrengtk 
of tlie plates when ninUo of iron ehouM not be lens than 45,000 
pounds i)er squnre incli of section. The flHiige slieela will per- 
haps average uut less than 60,000 pounds tensile strength. 

Riveting.— It is not eustomnry to double rivet the eeHiiis in 6, 
10, or 12 H. P. portable boilers. The pressures at which they are 
used are ao low in proportion to the strength of the structure that 
it is generally eongidered amply strong with the single row, no 
objection exists, however, to the double riveting, in fact it is 
always to he preferred, because the strength of the joint is 
increased twenty jier cent, thereby. 

The Flre-Box should !« made of the best quality of charcoal 
hamcnereil iron, or steel. The plate should he long enough to 
avoid a row of rivets iihovo the grata burs if the tonstruction is 
such as to permit it. In ease steel shoulil lie useil, its tensile 
strength should not exceed 65,000 jxiunds per square inch, and if 
a good ductile eteel of 60,000 can be had, it is to he preferred. 
The fire-bos should be large and roomy; it offers the very best 
kind of heating surface, and fur this rc-oson a loug fire-box with 
short tubeu is to be recommended rather than lung tubea and a 
abort fire-bos. 

The Crown Sheet should lie arched and secured by stay-bolts 
running through to the outer shell. 

This niethntl of staying hna many advantages over a flat crown 
aheet wilh its UBiinl cumbrous crown bars and liolls. A very 
great objection to a crown slieet stayed by the hitter method is in 
its impairing the circulation of the water at just the jilace above 
all others that the circulation should be free and uninterrupted; 
another objection exists in the fact that if the water used in the 
boiler contains salts of liuie a hard scale will form underneath the 
crown bars and over the crown sheet, which not only prevents a 
coinplete transfer of heat, but will in a short time thereafter ruin 
the crown sheet by overheating. 
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The StajSraroumI tlie fire-bos stioulii lie aniijle to resist the . 
highest pressure allowable on the Inriler without jiermitting a 
bulging of the plate between them. Tlie diameter of the dtaj'- 
bolta will be fiiteil by the thi:;kness of the plate, and their 
distMice from center to center by the preBsnre to be carrieil. 
one-quarter inch plates a three-quarter inch etay-holt ia aa large 
Ha should be used, it should accurately fit into botli aheeta and 
and after screwing into place should then be carefully riveted 
over at both ends. For 80 pounds jiressure the distance from 
center to center on the flat portions of the fire-box should ii 
ure 4| inches J for 100 pounds 41 inches, or for 70 pounds, 5 
inches will suflice. 

In case R stay-bolt should brealt, the repairs should lie made' 
immediately, meanwhile, IF it is necessary to use the boiler, it 
flhould be at a reduced pressure, or disastrous consequences a 
likely to follow, 

Tnbes should be of the beat qualit}-, expande-l into carefully 
fitteil holes, aud may Iw from two to three inches in diameter; 
a less than the former diameter the draft is likely to 1>e sluggish 
and they 'will be more apt to fill ti[> with Boot and ashes ; if larger 
than the latter, too inucli heat ia likely to be lost by pasabig off' 
into the chimnej'. 

Host manufactnrera have adopted 2} inch tubes as a standard 
for portables and from which excellent practical results liave lieen 
obtamed. Tubes aboiihl be kept clean hy using a good wire flue 
bniah or scraper, and as it requires but a few minutes to clean. 
the tubes it should be done every day. In case tubes get to leak- 
ing, they should be re-expauded an<l caulked tight. A small leak 
around the end of a tube will soon eut a groove in the tube plate 
and furrow the tube so as to make it a very difficult thing to 
repMr. 

Ferrules are often used at the ends to insure tightness after the 
tubes are somewhat worn; these are simply iron rings havings 
tapering diameter on the outside and tightly driven into the leaky 
tube. This is only a temporary makeshift and is not t 
i^arded as restoring the tube. When the ends of the tnbes arO' 



very much worn tliey shoTild elthtr tie repaired by tutting off the 
enda and welilinn; on a new piene, or new tubes ineerteii Jnsteiid. 



Copper ThImbleH are Hometimea iiaeil in connection with the 
tubes to make a lietter joint. "When ueed, the tulie sheet is bored 
out enougli larger than the tube to allow a c<i]ii>er ring to slip 
over the end of the tii1>e and also tightly (it the hole. In expand- 
ing into pla(« the copper makes a tight joint with tlie tnlte plate, 
and at the same lime increases at least twice the ordinary length 
of the joinL 

This is not a common practii* in the construction of portable 
boilers but it is a gooil one. 

Tnbe Khpets should lie ina<le of the Itest flange iron or steel. 
The Hanging Khould be cjireCully done, and when completed must 
be free from flaws of whatever kind. 

Cast-iron Fronts to fire lioxes are often used, and should be 
examined frequently to see that the lining is in good condition. 
When repairs are needed they siiould lie promptly made, the 
best fire brii;k and lire clay should lie used. A neglect lo make the 
repairs when needeil, will warp, crack or entirely destroy the front 

A Water Front forming a part of the boiler is to lie re(<om- 
mendeil rnlher than a cast-iron front. The healing aurface and 
water room of the boiler are liolli increased by ils list. 

The Fire-Door Ring should be made of wronght-iron rather 
than citet. The outer and inner plates of the fire box should lie 
carefully chippeil and calked against the ring. The fire door may 
be of cast-iron ; it should have a butterfly register or otiier ojicn- 
ings through it, and fitted with a jierforsteil plate an inch or two 
back of the door proper, this will jirevent loss of heat by mdiatioa 
and destruction o( tlie outer plate by warping. 

Water •Botlflins are often attached to jwrtable boilers, esjiecialty 
those intended for tlie Southern iiiarket. The talking [loint aliout 
it is tliat of affording the greatest security against fire occasiunuU by 
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dropping o( live coals ; it bIbo hSotAb, when ample Bpaee is allowed 
between the two lower Bheeta, a lietler facility for cleaning than 
that offered by the open bottom ; there being a lees violent move- 
ment of water in this than other portion of the boiler the Bedl- 
ment and impurities are likely to collect here and may easily be 
blown out out or removed through the hand holes. The water 
bottom does not add to the heating snrface of the boiler, 

Open-Bottom Fire Boxes are in more genera! use than those 
just referred to in the above paragraph. The ring at the bottom 
of the fire boxfihouUl always be of wronght-iron. This form of 
fire box gives exrellent eatisfnction and is much lesa liable to cor 
flion than when fitted with a water-bottom. A strong wrought- 
iron ash pan should he attached underneath with suitable books. 

Hand Holes should be placed so as to admit of thorough clean- 
ing and examination of all parts of the lioiler. There abould be 
one over the crown sheet, one under tlie tubes in the smoke box, 
and one at each corner of the fire b<)x when fltteil with an open 
bottom, and one at each end when fitted witli a water bottom. 
These openings sbonld lie as lai'ge as practicable and convenient. 

A Fnslble Plug should be inserted in the crown sheet at its 
bigheat iM>int; it consists UHually of a brass Bliell filled with an 
alloy consisting of tin, lead and bismuth, which will remain solid 
so long as there is water over it, but which will melt if the water 
falls below its upper surface, ami thus permit a flow of steam Info 
the fire boK and put the fire out before any damage occurs; the 
proportions of the alloy being auch that the melting occurs before 
the iron reaches a red heat. Theobjectof its insertion in the boiler 
is to prevent a collapse of the crown sheet from overheating 
through a shortness of water. 

Too much dependence must not be placed on the certain work- 
ing of the fusible plug, as experience has shown that its efflcien<5' 
has lieen greatly overrated, not that the metal tailed to melt at 
the right temperature, but because an nccumulaliun of scale bad 
been allowed to form over its upper surface and of sullicieiit 
etTBiigtii to withstand the boiler pressure witliout breaking. 
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Whenever the hand-hole plate over tlie crown sheet ia removed 
tho plug should he examined lo see Ihat no Bcale ia forming over 
the to[i of it. Should there be it may easily he removed and 
cleaned with an ordinary knife blade. 

fiaage Cocks.— Three gauge cocks are generally furniehed with 
each boiler, the bottom one should be placed about an inch above 
the crown sliect, and each ot the others on one inch centera almve 
this. The water should be carried up to the center gauge cock 
which would then give two inches of water over the crown sheet 
Thiaia ample for good Bleamingand should not be exceeded. Com- 
pression gauge cocks, or plug cocks-are to lie preferred to the 
MiaeiBsiopi gauge cock. 

Ill case of leakage they may easily be ground to a flt by using 
very fine emery and oil, 

Glass Water Gauges should be attached to some convenient 
part of the boiler where there will lie little danger of the glass 
tulie being broken by tlie handling of coal, ashes, etc. 

It is preferable, as a general thing, to place it on the side rather 
than the end of the flre-box portion of the boiler. To support 
the gauge tittings and thus keep them in line, it is a common 
practice to attach the top and bottom fittings to an iron barrel 
which shall have a pipe leading from the ends into the water and 
steam epacea in the boiler. These connections should he tapped 
out for not less than a half-inch pi])e, and if for three-quarter 
inch it ia better still. Too much dependence must not be placed 
on tlie glass gauge as it is liable to become clogged and thus give 
false indications as to the water level. It should be used only in 
connection with the gauge cocks. 

A Snrfkce Blow is sometimes attached to portable boilers and 
Berves a very useful purpose in skimming from the surface of the 
water any impurities which collect there and lower the steaming 
capacity of the boiler. A perforated , pipe extending under the 
water line is frequently used, so also is a flat funnel-sha[ioil open- 
ing, Hometiines a collecting pan or basin, is used, all with more or 
less eatisfactory reeulte. 
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Unlesa the water to lie usaii ia likely to forin ii fl-iatijig k 
the Biirfece blow may be oinitteil without iin[miring the efficiency 
of the boiler, 

A bottom How shoiiUl be pluced BOraewhece in the lowest 
water epace in the boiler. As a, general thing it ia located in 
throat sheet, underneath tlie cylindric shell of the boiler, 
there ia mora or less dirt, grit, and particles of scale which 
likely to lodge there, a cock is to be preferred to a valve. 

The Pump should receive special attention at the time of setec- 
tion, and carefully watched afterwards when in use. The pump 
valves should be large, strong, of good hard gun-metal working 
gun-metal cages or other suitable guides, they should he easily 
accessible, and of the simplest construction. 

The pump plunger is usually driven directly from the ctobh- 
bead, soraetimes hy means of a separate eccentric, and in rare 
instances an independent steam pump is attached to the boiler. 

A supply or feed cock should be attached at any convenient 
place below the lower pump valve; this should he adjusted so 
that « continuous flow of water will be passing into the boiler 
which shall exactly equal the quantity of water converte<l into 
steam. The practice of opening the feed to its full extent and 
filling u|) the boiler to nearly the upper gauge cock and then 
shutting it off altogether for a time, is all wrong, and no man who 
understands the management of a portable, or any other kind of 
an engine will do it. 

To determine wliether ftae pump Is working or not, a 
.■avk. is introduced above the delivery valve of the pump by which 
it may be tested. As the pamps are usually single acting, the flow 
of water from the pet cock will l»e when the plunger is approach- 
ing the valves, and ceases when the return stroke is begun. Some- 
times the pet cock ia placed in the feed pipe. Another pet cock 
ia attached to the middle chamber of the pump or that into which 
the plunger works, it is useful when starting the pump to rid thi 
chamber of air which may have collected there. 



Tlie Sopplf Pipe to tlie piiuiii ia cominonly a piece of lieayy 

rubber liose tiiree-qiiarters or one inch in iliaineter; this hose 
need nut be more tlian five or sis Jeet long, or long enough to 
reach from tlie pump into a barrel containing the feed water tor 
tlie boiler. 

A Strainer and Foot Tolre are easilj' combined and etiould lie 
attached to the end of the hose referred lo in the preceiling^ para- 
graph. This, if propeily niaJe and kept in order, will prevent 
ehipB, straw, leaves, etc., from working into the pump. The foot 
valve will hold the water up to the pump, and thns allow it to 
begin work aa soon as the supply cock is opened. 

A Check TalTe ithould lie lai^ snd strong and so designed 
that it may easily be taken apart for cleaning or repairs. Most of 
the small check valves made for the trade are too light and too 
delicately pro[)ortioned to stand the wear and tear to wliich they 
are snbjei;ted in portable engines. In the attachinf^ of a check 
valve to a boiler a stop cock should be placed between the two, 
so that in the event of the check not working, it may be examined 
without having to blow off the boiler. Assoonas the examination 
of the valve ia completed, and the jiarts restored, this cock should 
be opened; and under no circumstances shoald the pump l>e set 
working until it is known that this cock is open, as a neglect to do 
BO will result in breaking something about the feed apparatus. 

A Ileller and Safety Stop Valve similar to that by Mr. C. P. 
Wiggins, HL I-ouis, Mo., will bi» found a convenient and desirable 
attachment lo a portable engine, by its use it would be iui|)ossil)te 
to break down the pump or buret the connections leading to the 
boiler in case the cock between the check valve and boiler should 
happen to be shut. 

This valve is soconstructed that there are three openings leading 
into tiie valve chamber of which only one can be closed. The 
valve itselt ie double-seated having a face above and below, so that 
on starting the pump the water will either be forced into the 
holier or ew^ajie into the open air, depending on the position of the 
valve, m eitlier case there would be uo harm done the pump or 
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connections; tlie flow into the boiler may thus be recognized at 

aiglit, 

Ii^ectors and Inspirators are rarely applied to portable engines. 
Tlic reason for their non-adoption no doubt lies in tlie difficulty 
heretofore experienced in operating tliem in connection with hard 
water, owing to the formation of scale in the interior passages or 
nozzles. 

If, liowever, the water to be used in the boiler is clean, pare 
and soft, then there is no other device now in the market which 
Burpassee them in compactnesa, reliability, gimplicity, and ease of 
management, 

The fact that they may be operate<[ at any time when the steam 
is on, plat'ea them at a very great advantage over a piinip driven 
from the crosa-head of the engine, as the latler can be used only 
while t!)e engine is in motion, the former may be used at all times 
whether the engine is in motion or not. 

A Heater consists merely of a large pipe or a suitably cored 
ciiamber in the engine beil plate, into which the steam from the 
cylinder is exhausted at each Btroke I tliis pipe or chamber con- 
tains two or more lengths of, UBually three-qnarter-inch wrought 
iron iron pipe, through wliicli tlie feed water passes on its way 
from the pump to the boiler. Tlie exiiaust steam surrounding 
these pipes gives up much of its heat and by raising the tempera- 
ture of the feed water a gain in fnel is had, ob well as, reducing the 
wear and tear of tlie boiler resulting from the use of cold feed 
water. To get the greatest economy, the flow of water tiirough 
the )iipes shouhl l)e continnous and not at long intervale. 

Tlie Safety Valve should be, both valve and seat, of some non- 
corroaivo material, such as gun-melal, or bronze. 

There are several very good safety valves now in the market 
and in the selection of one fur a portable engine preference should 
be given to a eeli-contained spring valve rather than one combin- 
ing a lever with the spriug balance, or one fitted with a weight 
and lever. The latter kind is seldom met with on portabla 
engines of recent conetmction. 



The valve should be set to blow off at n certain fixed preaaure 
and then fastened by some device which will prevent any change 
in the tension of the spring by the loosening or slacking of the 
adjusting screw. As a general thing, portable engine valves are 
set to blow off at 80 pounds per square inch for new boilers. 

Every safety valve should be made bo that it can be raised from 
the seat at any time, and thus insure its being in good working 
order. As the safety of the boiler often depends wholly upon 
tlie efficiency of this valve, too much care cannot be bestowed 
upon it, especially when in use. 

The Steam Gan^e should be of the very best construction and 
conveniently locate*! on the boiler so that the pressure may be 
noted at short intervals. The two leading types of gauges are: 
the "Bourdon" or some modification of it, and the diaphragm 
gauge. There are many things which may be said in favor of 
both kinds of gauges, it matters little which kind way be selected 
provided the gange ie a good one and is rehable in its readings 
under a long continued pressure, A syphon should l>e attached 
t*> the gauge which will collect the water of condensation and thus 
prevent the direct contact of the steam with the spring of the 
gauge. 

A Steam Blower will bo found very useful in quickening a 
slu^ieh fire before starting the engine. It consists merely of an 
ordinary globe or angle valve by which the flow of steam from 
the boiler into the smoke-stack is regulated. The fittings are 
usually of a size corresponding to that of a half-inch wrought iron 
pipe. The end of the pipe entering the smoke-stack should be 
reduced to not more than one-<juarter inch in diameter. When 
the engine is started the blower should be shut off, as tbe exhaust 
steam will cause all the artificial draft needed. 

The Whistle should be of small sixe and fitted with an auto- 
matic valve, and lever. The connection from the whistle to tlie 
boiler should be straight as possible, the bends, if any are required, 
must \te such that the water of condensation will drain back 
into the boiler. Severe cases of scalding are likely to foUov 
neglect in drainage. 
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The Smoke-Box is usually a. rontinikation of the shell of the J 
boiler to s diatant* nf about ten inches, and fltted w 
plflte hnving a door or other siiilable opening for getting at the I 
tubee, The Bmoke-hox should lie cleaned out frequently and ] 
especial care should be taken that no soot and cinders accumulate ] 
around the lower flnii£e of the head, as it is likely to produ( 
leak after a time, by the corrosion of the plates with whicb it I 
comes in contact. 

The Smoke-Stack should have a strong cast iron lose firmly 
attache<l to the smoke-hox. The stack should be arranged with a 
device for lowering it when the engine is to be hauled from place j 
to place, A strong caat iron ring riveted to the stack and hinged 
to the lower half, or that part riveted to the smoke-box, is 2>erhapa 
the best arrangement now in use. 

There Jiave been many devices invented and attached to smoke 
stacks for arresting sparks, but a good and efficient spark arrester is 
yet a thing of the future. For arresting the heavier partitles, Buch 
BB cinders, etc., the stacks which have given the best satiBfaction 
are those in which the current of escaping gases is abruptly 
changed, or reversed for a short distance, this iius the effect to 
project the heavier particles downward into the smoke-box, from 
which they may be removed at any time. 

A very common method of making a stack is to have a w 
cloth screen across the toji. This should not be too fine or I 
meshes will flU up, nor too coarse for it will then allow the escape ' 
of too large pieces of live cinders. This netting should be 
made of steel in preference to iron wire; and should he made ten. 
mashes to the inch. No. 19 wire. This netting should be attached 
either to a hinged cap or fastened to a hinged or swinging frame 1 
at the top of the stack, the object being to adil to the convenience ] 
in cleaning it and also to afford a better draft on a rainy day, by 1 
allowing the whole screen to be raised and thus permit the ei 
ing gases to pass out underneath It. 

Boiler Covering. — The close competition and consetinent low . 
prii* at whjcli portable engines are placed in lire market is the 
luse manufacturers give for not covering the hoUer J 



■with a non-abeorbing aubatance, nnd thua prevent the great loss 
of heat by radiation. It ie tlie common practice in lotwmotive 
works to cover tije boiler with narrow Btrips of wood and tlien 
cover the whole with sheet iron. This forms a most excellent 
covering, and is of extremely light weight, besidea being very 
durable. If all }iortable boilers were similarly covered it would 
add greally to their economy. 

Vertical Boilers are sometimea supplied portable engines but 
their use is not very common, being confined to certain loudities 
rather than a general admixture throughout the whole trade. The 
chief merit of a vertical boiler is that it contains the greatest 
amount of heating surface with the smallest weight of shell, and 
the least quantity of water. To offset this, vertical tubular boilers 
are more apt to prime than the ordinary portable boiler on account 
of the deficient circulation between the tubes over the crown 

.It has long been, and still is, the practice of boiler makers to 
put in too many tubes in vertical boilers; this is done for the 
purpcee of making the heating surface appear large and thus give 
the boilers a higher rating than that to which they are justly 
entitled. By reducing the number of tubes so that their combined 
area of cross section is merely sufficient to carry off the productsof 
combustion, will make a boiler in every way superior to that 
usually built in which no regard is paid to circulation. 

If tliia detail of construction lie properly attended to there is 
then, other things being equal, no particular objection to a verti- 
cal boiler for portable enginea ; in fact a great deal might be said 
in its favor. 

TtaeEngineahouldbeBtrong, simple, and durable; tbisreqnires 
that it be of good design, materials and workmanship. Whether 
the engine shall be horizontal or vertical matters but little, as an 
engine properly designed for the work and adapted for either 
position, will do good work in either position. Tlie arguments 
both for and against these two styles of enginea nearly lialanee 
each other. As a general rule horizontal boilers are supplied 
with horizontal engines, and vertical boilers with vertical engines. 



bnt occaaionslly portables are eeen in which the order of things I 
are reversed. 

There is a difference of opinion as to nliether an engine I 
intended for a horizontal boiler ehall be tasteneil to the side of tha I 
boiler or on the top of it. Most builders jilace the engine on 
side and either carry the shaft across the end of the boiler or locate I 
the engine high enough to permit the shaft to pass over the top I 
of it ; others prefer to make the engine self-contained and place it I 
on the top of the boiler. 



The Cylinder should be maJe of hard iron and accurately fitted, i 
It should be well fastened to the bed and bo designed that it may I 
be removed without taking out the tap bolts which secure the bed I 
to the boiler. In rare instances an engine is seen in which the J 
cylinder and bed are cast in one piece. In such confitruction the 1 
cylinder should have an extra thickness of metal to allow fori 
repeated borings, or what is better still, the cylinder should have ■ 
a lining in it, which may be easily removed and a new < 
stituted when repairs become necessary. Whenever possible the ■ 
steam chest should be included in the same casting with thecylin-r 
der. So also, the exiiaust passage should be continued around the! 
cylinder to any convenient point where a proper connection a 
be made with the heater; one which shall permit the diaconnec 
ing of the exhaust without interferring with the bolts whicli'l 
secure the cylinder to the bed. In some engines the healer iS« 
placed directly nnderneath and the exhaust passage is continuedl 
around so much of tlie cylinder as may be necessary to join tbel 
two flanges by a single joint; this greatly simplifies tlie constmo-fl 
tion and is a good practice if either or boUi ends of the heater ai 
left free of any obstruction. 

Steam Jackets are seldom applied to portable engine cylinders 1 
and it is doubtful whether the trade would pay tor the increased 
cost of construction. The outside cylinder casting and the inner 
lining in which the piston works should be two separate pieces 
with a steam space between them which shall completely encircle 
tJie inner cylinder from end to end. 

This jacket should have direct communication with the bI 
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room of the boiler, bo that it may be filled with live steam at lull 
boiler pressure at all times, and the jacket ehould, from its lowest 
point, drain back into the boiler any water of condensation which 
may accumulate there. This connection, ehoultl be entirely inde- 
pendent of the Bteam supply by which the piston is driven, 
because, if the supply is made to pass around the cylinder in order 
to reach the steam chest, some of the steam will be condensed and 
the water of condensation will be carried over into the cylinder, 
and thus any gain which might be secured by an efficient jacket 
will have been lost. 

LoKSln? "' cylinder saves heat by preventing radiation. It has 
long been a practice, and an excellent one, to lag the cylinder with 
narrow wood staves and covering the outside with sheet metal, or 
perhaps reeding the staves and finishing the ends with a narrow 
strip of sheet brass. Sometimes a sheet metal cover is attached to 
the Ranges and the space between filled with plaster of paris or 
tome other non-conductor, 

A metal lagging attached to the flanges with an air apace 
between the cylinder and the lagging will also prevent a great 
^eal of loss by radiation if the air space has no circulation or cur- 
rents in it connecting with the atmosphere. 



The Main Tnlve or the one which regulates the adm 
steam into the cylinder may be any one of several well-known 
designs, usually, however, it is either the common flat-faced D 
slide valve, or a rotary valve, or a piston valve. The first ot the 
three named is in more general use than any other valve ever 
introduced. The rotary valve is not correctly named, as the rota- 
tion is only partial, the valve and seat instead ot being flat 
are made circular, in other respects It does n9t differ in its action 
from the plane slide valve, except, of course, by the manner in 
which it is operated. The piston valve is oftener met with in 
small stationary engines than in portables, and it is in all respects 
a good valve when properly made and applied. 

The only attention the valve requires is that it shall 1>e kept 
well oiled, not excessively, but sufficient to keep it in good 
wearing condition. For this purpose a valve lubrics.\ni S.'bv.'Oui^BiA 
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to Qie Bteani cheat. These ; 
and will require more or les 



e rarely automatic in their ai^tioj 

ti the part of the atteii(£ 



The valve should alwaj-a he properly Bet when the engine leave* 
the shop, and should never he disturbed except for repairs or othts 

The Steam Chest Joint should he properly made after takinj 

off the cover to examine the valve. There is perhajw nc 
joint for this porpoee Ibaii that made with a layer of vulcanise 
rubher packing ; this need not be very thick if the jointa a 
good condition, say one-thirty-second inch or perhaps a trifle heaw 
i^'. A spare gasket should be kept on hand at all timi 
often hapi>enB that the one in use is torn iu the removal of tl 
steam chest cover. 



The Piston will need but little attention except to keep it woB 
lubricated. The rings seldom need adjusting, and when they d 
it should he only sufficient to prevent the steam from Jlowii^ 
past the piston from one end to the other of the cylinder. Tounf 
and inexperienced engineers make a great mistake in tighte 
tlie piston rings at every opportunity. The only effect is to pro-1 
doce more irictiou and thus wear out the cylinder in i 
time. Some manufacturers pay a considerable royalty for a self«J 
adjusting piston xiacking in order to relieve themselves from 
annoyance caused by this hahit of setting out the packing ri 
when it is wholly unnecessary. 



The Piston Rod should be made of steel and must be kepi 
entirely tree from rust. The stuffing box should be lai^ a 
kept well filled with n good packing oE wliicli tliere ai 
varieties now in the market, and may be purchased at siij4 
machinery depot or large hardware store. It this cannot be ha^V 
a plaited gasket made of jute or liemp may be used, which f 
being laid up in tliree or more strands should he soaked In melted J 
tallow and then driven into }>Iace with a wooden packing stict 1 
Never use a melal iiaeking stick as it will mark the rod and cnt I 
out the packing iu a short time after starting tlie engine. 



BCrew the pHcking too tight, all that is needed is that it shall ^ire- 
vent leakage of strain. Be careful that the gland is screwed up 
evenly, and that it does not bind the piston rod. Keep the piston 
rod well oiled and see that it ta always bright and clean. 



The Valve Bod ami stuffing box a 
o the ahovp. 



he cared for ii 



The Cross-Head muBt be kept clean and well oiled. After every 
run it should he thoroughly wiped to remove any cinders and 
dust which may have collected on or about it Ir needs no special 
care except to see that«it is working free, and is well cared for. 



other attention than to be kept clean and 



The (jnldes need e 
well oiled. 

The Connecting R«d will require constant care and watching, 
the crank-pin end more so than the other. It is absolutely eesen- 
tial that the flow of oil be consUnt an<l regular in order to get the 
best results. For this purpose an oil cup should be provided 
which shall deliver to the crank'pin a certain amount of oil at 
each Btroke of the piston. 

When the brasses are somewhat worn they should be adjusted 
by keying the strap a little tighter, or otherwise adjusting the 
boxes if the connecting rod is not fitted with strap joints. 

This should be proceeded with very cautiously, for it too tight 
the brasses are sure to heat, and cutting of the pin will inevitably 
follow. It is on the whole better that the boxes are made to fit 
brass to brass and keyed up solid, then, if further adjustment is 
needed, file off slightly from the edges of the boxes and replace in. 
the strap, keying up as before. 

After the engine has been in use a few months and several 
adjustments of the conoecting rod have been made, the rear cylin- 
der head should be removed and the clearance measured between 
the piston at the end of the stroke and the cylinder head when in 
place. If this distance is less than one-sixteenth inch it becomes 
dangerously close, and liners should be placed back of the con- 
awtllig rod braases to carry the piston forward to \ha t 
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position which it occupied when it came from the nhop. It n 
perhaps be better to iiut in a new set of braaees in the connecting 
rod. 

The Cranl[-FIn shonld be made of steel and must be narefully 
■watched that it does not heat. When once a crank pin hna been. 

overheated, and especially it it has ever cut itself into rid 
grooves, it is verj' difficult to get it to run smooth and cool j 
tliereafter. 

The Halii Bearing will require to t>e carefully looked After, ' 

first to keep it from lieating, and second to keep it in line ; that is, 
see that the side boxes are so adjuated as to keep the main shaft f 
in line. Other than this it requires no special attention. 

The Rear Bearing must ho so adjusted as to work in line with ] 
the main bearing. The fly-wheel or pulley is uHually located near ] 
the rear bearing and as it hns to take all the strain of the belt it 1 
should receive careful attention, 

A Cranked Shaft is generally used on engines which are located I 
on the top of the boiler, these have a beariuE on each aide of tlie 1 
crank. Engines of this design are usually supplied with two I 
pulleys, a large one on the one side, and a smaller one 
other. Such shafts are usually large for the work required of i 
them, and will need little else than to see that the bearinga e 
properly oiled. 

The Fly- Wheel for portable engines is generally made with h I 
wide heavy rim suitable for driving directly from it. Sometimes ] 
these wheels are BO out of balance 88 to seriously interfere with] 
the otherwise entooth working of the engine; particular atten- 
tion should be given to this matter in the shop and no fly-wheel or ' 
other pulley intended tor a portable engine slioiild be placed i 
position until it is perfectly balanced. 

A smaller pulley is often placed on the same shaft for driving-a 
machinery at lower speeds than the larger one will admit of, i 
L jHxaunt of its site. 
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To find the rate of revolution at which a pulley would be driven 
by the engine, ia found in this way : Multiply the diameter of the 
pulley on the engine Bhatt, in inchee, by the number of revolutions 
per minute, then divide this product by the diameter in inches 
of the pulley to he driven, the quotient will be the number of 
revolationa per minute. 

Example : An engine fly wheel ie 42 inches diameter And makes 
180 turns per minute ; how fast will it drive a pulley 7 inches in 
diameter ? 

42 multiplied by 180 equals 7580. 

7560 divided by 7 equals lOSO revoltions per minute, the answer 
required. 

The Eccentric, next after the crank-pin, requires more attention 
than any other part of the engine. The atrapa should be as loose 
as possible and not rattle ; if too tight, they are likely to heat and 
cut fast. The best way to adjust them is to insert between the 
lugs where they are bolted together, tin or other thin washers, 
and then tighten the bolts ao as to make, practically, n solid ring. 
After a time, when they will need readjusting, one or more pieces 
of tin may be taken out and the straps again bolted together. 

The eccentric should be keyed to the shaft rather than fastened 
with eet-HcrewB. A very good way to secure an eccentric and one 
which is sometimes practiced by portable engine builders, is to 
fit the eccentric to the hub of the crank, and then hold It in place 
by means of a bolt passing through the crank and screwing into 
the eccentric. Such a thing as slipping by this arrangement is 
impoBsihle. 

By simply drilling and tapping two holes at the proper posi- 
tions in the eccentric, the engine will be be enabled to run over 
or under as circumstances way require. 

Th« Yalve CannectlDns should lie simple and direct. If a. 
knuckle-joint is useil, or small atrap joints, they should be well 
oiled, and if it ih necessary at any time to adjust the connections, 
care should be taken that the pins in the joints lie left exactly at 
right angles to the throw of the eccentric, otherwise sa wcvi'ab 
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Btrain will be brought to bear on the joint which will soondesti 
its accuracy. 

A Link Motlou ia not generallj' applied to portable enginea 
except in such cases as need a prompt reversible motion, such for 
example, as in wharf work, pile driving, mining, etc. 

A Gorernor for a. portable engine Bbould be quick and eensitive 
in its movementB at any variation of epeeJ. It is important that 
it be of the beat materials and thoroughly well made. There la 
nothing about a portable engine likely to give more trouble thaa 
a poor governor. It ought, therefore, to have a certain adapta- 
bility for the place in which it is to be used ; and the graduation 
of the governor valve should be such as to adjust the presEure ii 
the eteam cheat to the load on the engine without wide and 
extreme vari:itions, aa this ia likely to produce a great irregularity 
of motion in the engine, or racing, as it is generally colled. 

The governor belt should be of a width best suited to the gov- 
ernor. In general, a narrow leather belt well filled witli some 
one of the various " belt stuffinga," or with castor oil, will be 
found to be reliable under almost all conditions. A tightener 
should be attached to the engine whenever practicable, as it will 
allow alight varintiona of length to be taken up without having to 
stop the engine and shorten the belt, it will also prevent the belt 
slipping and ao keep the governor running at its regular rate. 

A safety attachment is applied to many governors now in 1 
market, by which the engine ia stopped at the same time the 
governor stops running. Such a device cannot be too heartily 
commended, provided the remainder of the governor mechanism 
and the governor valve are in all respecta equal to the beet gov- 
ernors which do not have thia safety device. All thinga consid- 
ered, it is better to have a good governor without the safety 
device, than a poor one with it 

The Steam Pipe should be as short and direct aa possible ; 
should, at some convenient point between the boiler and the 
governor have a good strong globe, or other stop valve. Thia valve 
isgeaeially called the throttle valve, but it ought not to he sach 
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in reality. "Wheii tlie engine is ont^e fairly started it ouglit tlien 
to be opened wide, and let tlie governor take care of the engine. 



The Eshanst Pipe leading from the heater to the hase of the 

chimney is genemlly large and roomy, but at the end of it there is 
either a contracted noiSKle forming a part of the pipe, or it is fitted 
with ft removable noizle hy which any desired concentration of 
the exiiaust steam may be liad for the purpose of forming at the 
base oE the chimney a strong blast to assist the furnace draft. 

The amalier ttie noizle the more intense the blast, hut at the 
same time there is an increase of hack pressure on the piston, 
whicti takes off just bo much from the power of the engine. The 
diameter of the nozzle should be no smaller tlian that necessary 
to keep np steam under a full load. 

Dralu Cocks should be provided at aoy point where the water 

is likely to collect, and iii freezing buret a pipe or fitting. These 
fihoulil be opened at night so as to drain all the pipes jwrfectly 

The Wagon supplied portable engines is of the simplest des- 
cription ; about the only real difibrence among manufacturers is 
a wrought-iron axle passing under the boiler at the fire box, while 
others secure a short wrought-iron axle to a cast-iron bracket 
which is then bolted to the sides of the fire box. The forward 
axle is in all eBsentials the same for all engines. 

There is a wide difference of opinion as to whether wood or iron 
wheels shall be used. Most portables are now fitted with wooden 
wheels, but the iron ones are steadily growing in favor. An iron 
wheel may have a cast-iron hub but the arms and tire should be 
of wrought-iron. 

A Brake should bo attached to nl! portnble engines intended for 
use in B hilly country. Tlie handle should be within easy reach 
of the driver, and the strains on the brake rods should always be 
those of extension rather than of compression, for if of the latter 
they are likely to be 1»ent and thus rendered inoperative, perhaps 
at a time wiien most needed. 
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The Tools Required for a Portable Engine are 

but inchiJe a gliovel, atraper, slipe or hookt«l bar, tine brush, 
screw wrench, X)ackiug hooks, hand hammer, and oil can. 



Directions Tor Rnnnln^ a Portable Engine i— 

1. Get the engine into positioit and see that it staniJB perfectly 
level, and that the belt is in line with the machinery to bo driven. 

2. See that the engine is perteL-tly clean in all the wearing 
parts, and that the hand-hole plates are all in position and the 
boiler ready to be filled with water. 

3. Fill the boiler with water to about two inches above the 
crown sheet, or up to the second )2auge cock. 

4. Examine the pump and see that it is clean and in ^ood 
working order. Examine the supply hose, strainer, and foot 

6. Procure a tight, clean barrel for the water supply and place it 
near the pump. This barrel should always be kept nearly fnll of 

6. Examine the packing at the piston and valve rods. It is 
true economy to pack these often, and it should not be allowed to 
get hard and brittle, as it will not only be difficult to keep the 
steam from flowing through, hut will scratch and groove the rods., 

7. Start the fire, using plenty of good dry kindling, but do not 
force it ; let the fire burn slowly at the start, as It will save many 
a leak and add months, if not years, to the life of the boiler. 
When the boiler begins to steam the blower valve may be opened 
slightly and thus increase the draft, shutting it off when the 
steam is up nearly to the running pressure. 

5. Oil the engine, open the drain cocks to the cylinder, and to 
the heater. 

9. See that the governor and belt are in good working order, 

10. Turn the engine over by hand to see that everything is free, 
then open the throttle valve and allow the engine to run for a few 
minutes, quite Blow. When the cylinder is warm and no water 
of condensation escapes from the cylinder cocks, they can be 
closed and the throttle opened wide. 

n. iSee that the valve or cock between the check valve and the 
T is ojien ; then jilace the supply hose with the foot ^ 
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snd strainer in the barrel of water, then partially open the supply 
cock under the pump, open the pet cock ii) the pump Imrrel to 
espel the air, put your finger over the o|)ening in the pet cock to 
prevent the flow of air into the pump when the plunger is with- 
drawn, anil as Boon aa the pump plunger forces out water instead 
of air close this pet cock, and then examine the check to eeeif 
it is working;. 

12. Keep your eye on tlitt glaaa water gauge and be sure that it 
is inditsiting the true water level, as shown hy the gauge cocks. 

13. Try the safety valve several times during the day and see 
that it ia in good working onler. At the same time see how 
nearly it and the ateani gauge agree, 

■ 14. Fire regularly, and not at all sorts of irregular intervals. 
Keep tlie eratea well covered and do not allow air liolee to form in 
the fire. The fire should be kept clean, but do not rake the fire 
as long as the ush int remains bright. Do not let the ashes accu- 
mulate under tlie grates, but keep the ash i>it clean. 

15. Adjust the water supply by means of the cock below tlie 
pump so that a continuous feed is had which Ghall just eiiual the 
evaporation. Keep the water-level in the boiler at the second or 
middle gauge cock. 

16. Never abut the cock l>etween the boiler and check valve 
except when it ia necessary to examine the latter. If it ia neces- 
sary to close it while the engine ia running be sure that the supply 
to the pump ia first shut ofl*, or an accident of some kind is sure to 

17. Blow out the boiler as often as once a week, when used 
steadily. If the Iwiler is accumulating scale a pint or ao of crude 
]>etroleum might he put in the boiler the day before blowing out. 
Do not put coal oil in the Iwiiler. If you cannot get crude petro- 
leum put in two or three quni-ts of common molasses. The object 
of introducing these substances in the boiler ia to loosen the acale 
it any bna formed. After blowing out, the boiler should be care- 
fully cleaned and thoroughly wnsbecl to be sure that the scale is 
uU removed ; after which a iiound of sal-soda or better still crude 
tannate of soda may be put into the boiler and then fdled with 
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It \n Iiigh1y itn^iortaut tliat the boiler be kept perfectly' clean 
and free from soile. 

18. In uise of priming or foaming, slow the engine down a little 
by dosing the tlirottle, open the fire door to checlc the Bre, open 
the cylinder cocks, and increase the feed slightly. 

Ab Hoon KB the priming stops, turn the leed cock back to its 
regular pkce, shut the fire door, and if no water i a blown out of 
the cylinder cocks close them, then open the throttle gradually 
until the engine works up to its regular speed. 

J9. Low water ia always dangeroua; if the water supply is 
ample and the pump in good working order tliere is no excuse for 
its occurrence, but when it does happen and the water disappears 
from the lower gauge cock, cover the fire with fresh coal, leave the 
fire door open, close the bhH pit door or damper, but do not 
disturb the engine ; let it use all the steam the boiler makes and 
sllow it to run until it stoiis of itself. When there is no longer 
any steam in the boiler take out the hand hole plate above the 
crown sheet and see if it is bare, if not, or not overheated, then 
fill up the boiler to the second gauge cock, replace the band-hole 
plate, open the ash pit door, close the Bre door and raise the 
Eteam again as usual. 

Finally, as it is not possible to enumerate all the things to which 
n must be given in the management of a portable engine, 
i expected that tbe person in charge will give it his wbole 
e and attention, and that above all things the height of water, 
tm pressure, firing, lubricating, and cleaning, will be faithfully 
d to. 

Wlien the season's work Is ovor and the engine is to be laid 
up for the winter, the boiler should be perfectly cleaned inside and 
out, all the pipes, the pumps, the siphon, and everything else 
containing or likely to contain water, should bo carefully drained. 
The fire box, tubes, ash pan, grate bars, smoke box, and chimney, 
should be perfectly cleaned. Take out all the packing from the 
piston, valve rod, governor and throttle valve stuffing boxes. 
Thoroughly clean all tbe bright work and cover with a iiiixturo of 
about equal weights of white lead and tallow melted together and 



put on with a brush or rag. Give the outside of Kie hoiler, the 
fire bos, auli pan, tlumney anil eniohe box a coat of aaj)lia1tum 
varnish. Tlien run the engine under cover until next seaaon. 

When next seaBon arrives don't put off until the lust minute 
getting the engine reaJy for service. Take udvantage ol rainy 
days before harvest and liave it ready for use at any time tliat it 
may be needed. 

In ease tlie engine should need repairs, have them made its 
early ia the season aa possible; it ia ae a general thing l>etler uii 
the score of economy to order new parts from the manufacturer 
than attempt to have them made in a country atiop when such 
parts require special patterns and sitecial tools to make them. 

Traction Engines ante-date by many years the modern portable 
engine. As early as l(i80 Newton proposed a steam carriage and 
furnished a sketch illustrating tlie principle on which it was to 
be constructed ; but it is doubtful whether any steam carriage 
was actually experimented with until 17f>9 when one was con- 
atructed by aa officer of the Frencii array named Cugnot. From 
that time down to the present there has been no lack oC 
devices for pro[iclling tlie engine not ouly, but for hauling wi^on 
trains as well. 

Traction engines were originally devised to supersede horse- 
power on common roads, previously to the general adoption oE 
railways. The demand for traction engines at this tinio is alto- 
gether from Bk different standpoint. They are not required for 
banting traiua bo much as it is desired that a portable engine shall 
be capable of self-propuiaion. This baa stimulated manufacturers 
to the i>erfectiug of an engine which may be uae<l in nil respects 
aa an ordinary portable engine is used, and when necessary will 
transport itself to a new position, or to a neighboring farm. Tlus 
is about all that can reasonably be exi>ecl£d of a portable engine 
at present. 

Traction engines have been in very common use in England tor 
several years, and with greater or less success. This by no means 
proves that such engines will be equally serviceable in this coun- 
try. The conditions tit the roads in the two countries are 
different. If we had a ayatem of well-kept gravel roaila, ct Amiq.- 
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pikes in the farming ilistricte, then n traction engine might be ( 
very aervicCBble in drawing lieavy loadx in wflgons. 

Most uianufacturere in this conntry construct Ujeir portubla I 
engines with eingle uylindera. Tlie regulnr design of engine 
intended for the ordinary trade is used, the traction portior 
aisting simply in the addition of a few parts over tliose regularly 
furnished. By tliis means the manufacturer is enabled to supply 
cDStomers witli either kind of engine without having to use two 
sets of patterns Irooi the outset. 

The parts required over tlie regular portable engine are geared 
driving wiieels, witii suitable pinion and shaft. This shaft some- 
times contains a 8i)eciul train or assemblage of gears known as ' 
differential gears, or mote commonly " a jack in tlie hox." This 
consists essentially of two large bevel wbeels, and bevel pinions 
working into both of tliese wheels. Tliese pinions are secured 
wid revolve freely in a circular frame whicli is also free to revolve 
around the shaft ; it is through this circular frame that the power 
is applied, which may l)e eithei- by means of a gear wheel or a 
chain. One of the large l>evel wheels is keye<;l to the shaft and 
whicli also lias secured to it a jiinion gearing Into one of the main 
driving wheels ; the other bevel wheel slips loosely over the shaft 
and is usually fitted to a sleeve or pipe, and which is also filled at 
its further extremity with a pinion which gears into the other 
driving wheel. 

The power is applied through the revolving frame carrying the ] 
pinions, and so long as Uiere are no obstructions tlie driving i 
wheels both move togetlier, but if it is desired to make a turn ii 
the road it is obvious that the outer driving wheel will have a | 
greater distance to travel than the inner one, in which Ci 
inner wheel will make fewer revolutions, or may perhaps, for a 
moment at a time, be standing stilt while the other wheel will be : 
in motion, Tliis very necessary movement of the wheels may be , 
accomplislied by means of this combination of bevel wheels and 
sleeve already described. 

Anotfier method of arriving at the same end is to secure pinions 
at both ends of tbe abaft gearing into tlie <!riving wheels, and then 
making the hubs of the wheels in such a manner that a ratchet or 
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other device shall allow one wheel to advance in revolution over 
the other when meeting obstructions or turning a corner. 

Traction engines should be made reversible, and there is per- 
haps no better device for the purpose than the ordinary link 
motion. 

A good sized platform should be attached to the fire box on 
which the eugineman shall be able to stand when the engine is in 
motion. This platform should contain a water-tank and a box for 
a reasonable supply of coal. 

In ordering a portable engine with a traction attachment the 
steering gear should also be ordered at the same time. This will 
enable the engineman to have complete control of the engine on 
the road and will in no respect be dependent on the driver, and 
will also lessen the liability to accident. 



CHAP. X. 

CARE AND MANAGEMENT OF A| 
LOCOMOTIVE. 

The locoinolive engineer or engineiiinn, has, ah a tjeneral tiling, I 
little or nothing to ilo with the design or Belet^tion o£ a loi^oniotivs'l 
engine. These are inehiile<l in tlie general equipment, and tti«~ 
particular type mid she oF enjpnes to Im used are ileterniined bfl 
the directors or some official delegated hy them to make a suitablft 
selection of rolling stock for the road. 

The EDglnenian ia plained in charge of the engine assigned tO-fl 
him, anil is given an nsaialant who acts as ftreniaii. Tlio engine^ 
man exercises n general Rii^iervision of tlie engine while o 
rood, an<I directs, wlien iiH'eGsary, llie operaliont) of the firemanJfl 
He should give his attention to the manner of firing, ilie perfor 
mance ot the Iwiler, tlie supply of leeil water, the pressure a 
steam, and shonld he so conversant with the featnres ot the ri 
that the firing and production of steam ehall l>e such a 
make echednle time in rnnning, hut do bo with the f 
economy ot fuel and the least wear and tear ot the engine. 

Tho dnlies or nn En^iDenian are ro varie<l tliat it requires i 

man ot peculiar make up to Iw a suLi;ess on llie road. Tlie ti 
was when they were re<Tuited from the ranks in 1 
shop, and it was eeidom IhuL a man could get an engine to r 
unless he was also a goo<l ntacliinist. This pracLi(» was not found.1 
to be so necessary ns it was at Jirst siipjioaeii. 

Kow they are not required lo 1« machinists, bnt serve for a timAj 
as a fireman, and are Buccessively jiromoteil from the charge o 
Bwitcli engines, local Ireiglit, Ihrough freight, toi^l passengerj 
to the charge of locomotives Attached to throngli express trains. < 
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In getting nn Englno rcaij to go o t on tl e luad and Iwfore 
Btarting llie fire, tliere eliould be «t ! st o e ga ge o£ water in 
the boiler. The giatea Bhould be pe let 1v lean and free from 
vindera or clinkers, and sho»ld also lie e nm n d to detenniua 
whether tliey are securely fastened. See that tl e tl rotlle valve 
is closed, and the link in lu Id-position 

Use dry wood in starting the fire and do not urge it, bnt let the 
the flre kindle slowly. Never try the exjieriiuent to Bee liow 
qnickly you can raise steam from colil water; there is nothing 
iuh will BO quickly and eSectnally rtiin a boiler a»i rapid and 
intense firing before the plates in tlicBhell ot the boiler are heated 
to the temperature corresponding to the pressure ot Bteam nearly 
Tip to that at which it is to be used on the rond. 

When the fire is kindled, the fire-lios is heated and expands, 
■while the outside of the boiler is Bcnrcely warmer than at first. 
Tlie immeiliale effect is to expand the. whole internal ]iortion and 
80 bring an undue strain ujwn the outer and inner jKirtiona of the 
"boiler. This expansion is very complex because of the constmc- 
tion of the boiler and its system oE bracing. The lire-hox will 
expand in all directions, because it ja healed on all sides; the 
., bottom being rigidly secured by a ring to the outer shell ot the 
boiler is prevented thereby from eipanding downward, so that in 
addition to this cubical expansion there is also a movement of 
the whole fire-box upward ; this has a tendency to loosen every 
Btay-bolt in the sides of tlie fire-bos, and the nearer the top ot 
the fire-box the greater the expansion and tlie greater the strain 
brought upon the stays. Tlie effect of the heat on the tubes is to 
lengthen tbem ; as the outer shell ot the boiler is cold, the action 
of tlie tubes is that o£ pushing through tbe tnlie sheets. Tubes 
aroBeenred to the tube sheela by expanding and caulking only, 
I wilt soon, through iuipropor nianagement of fires in raising 
steam, become loose aud leaky. 

Tliere ia little doubt that much of the trouble with steel fire- 
boxes liaa had ita origin i[i improper starting at fires, l^^t the 
fire then burn slowly until steam is raieed. 

When Steam ia on Ihe Itoiler, and near the time wlien the 
eugine is to be used, tlie cylinders should be wanii«d,\.'aeiC'jVa>&»t 



cwks opened, eliifting the link otcoBionally lliat lioLii eiiJa of the I 
L'ylinder may lie wnmieil tuid all water ol ifOQilenBaiion alloweil to 1 
eficap*!. 

The injector should lie tried to aee thnt it in in gooil working 
order. If it ehoulil l)e found lo lie out of onler it elioiUd Ire taken I 
apBrt. iniuietlinlely, clennwi and rt ji laced ; if it does -not Jieetl ] 
deaningthe trial need not I>eof more than a. few minutes dumtion, 
unless the boiler should he in need of water. 

The engine slioiild bo thoroughly oiled before takintj it, out of 1 
tlieengine-liouse, examine the tank to flBrertMlu tiie quantitfof I 
water in it; if fuel and water are needed the nei-easury supply I 
should lie furnished before the delivery of the engine for service. [ 

Before Hlariing the engine llic hell shonld ho rung as a wt 

ingfur thosi^ engaged near it, or on the traeke, to get out of the J 
way. Ample time should lie given for this purpose, and the n 
in charge ehonld satisfy himself that the track is dear before 1 
slArtiug. Under no circumstanecB should an engine bo started ( 
without this Eignnl. 

When out of the engine house, and as Boon thereafter as poeu- 
ble, try the pumpa and be sure they are in good working order. 



In taking cliargc ornn engine for the £rst time the enginemaiL I 

should see that there are no leaks around the boiler, and that thel 
safety valves blow off at the pressure at which they are set, he ■ 
should also know whether the spring balances of liis safety valves. fl 
are correctly marked. The steam gauge should be known to be J 
correct. He should also satisfy himself as to the eaai;t positiou of ■ 
the lower gauge eock aho^e the crown sheet. Ti)e throttle valve M 
should be tested for leaks, this can easily be done when the engine fl 
is standing, by simply opening the valve in the oil cupa on the top -I 
of the steam chests, if there is a leak the steam will continue to, J 
issue through the oil cups into the atmosphere ; and in general 1 
aatisfy himself as to the condition of everything about the engine. | 

In making up, or connecting with a train, tlie enginemaii 
fireman should both be on the engine. The fireman should not I 
nnneeeasarily absent liimself Srom the brake on the tender, uaOi | 
everything is in readiness for the road. 
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The steam shonld now be up to tlie fall running preeaiire; it the 

Are is sluffiish tlie steam blower may be opened to quicken it, but 
should be cloeed immediately on starting the engine. 

If hen the train la rejulf to start the engineman is tlieu under 
the direction oE the conductor. Upon the signal to start, which 
should always he by sounding the signal bell and not by the 
waving of the hand or lamp ; upon this aignal, the engineman 
should, before opening the throttle, cause tite whistle to be blown 
or the bell to be rung, the latter should be used in preference to 
the former at all times, reserving the whistle for signaling when 
the train is in motion. The cylinder cocks should be wide open, 
the link should be placed at nearly or entirely the full throw of the 
. Talve, tlie throttle opened gradually so as to prevent the jerking of 
cars. If the train is a very heavy one, the engine should first be 
reversed and thus take up the slack of the train ; this should be 
done cautiously tliat the momentum of the forward van do not 
give motion to the rear car, the link is tlien to be quickly thrown 
into forward gear and the train started one car at at n time until 
the whole train is in motion. 

In startinga train during wet weather or at other times when 
the driving wheels slip, the valves at the eanil box may be opened 
and the rail slightly sanded. This should not be resorted to 
unless absolutely necessary, and then it need not often be of more 
than momentary duration. 

1 in medlntelf after titartlng, the engineman must satisfy him- 
seH that the train is ail connected, and for tlie first few minutes 
thereafter that it remains so. Link couplings are often broken in 
two in starting, sometimes only one side breaks and the train is 
hauled some distance before it parts the other side, or slips post 
the pin. On passenger and some freight trains this would bo 
immediately made known by the sounding ot the signal bell. 

The engineman'a attention must ba given in starting from a 
Station, to the engine itself, the track before him, and the train 
behind him. He must see that the switches are properly set and 
that the sigi.nis indicate a clear track. He must have the engine 
under perfect control and see whether or wot rwy ^^■S"^^^^**^^'*'^ 



given at the station for tlie stoiiping of tlie train after llie one for 
starting had been given. Now Itiat traiua are run under tlie 
order!) of a general traia diepatclier, tliia recall is not an infre- 
quent occurrenL-e. 

After Blflrting a train, and it is seen that no water is Ijeing 
blown from tlie cylinder coLks, they shoulil be closed. The speed, 
if ruunmg tlirough a town, should iii>t exceed four miles per 
iiour, tlie hell should he coiislaiitly rung until outside the corpo- 
ration limits. The engineer and fireiiiau should hoth lie on the 
lookout for obatructious, switches, signals, and for ]>edeBtriaiis 
and vehicles at street crossings. When outside the corporate 
limits til e Bjieed may be inereaeed and the regular running time 
entered upon. 

Tlie Pressure «f Steam sliould be kept fully uji to that at 
nhicli it is intended by tlie superintendent of motive imwer, or 
the master meclianic. There is n great BH\'ing of fuel by usii^ 
high pressure steam for n jiortioii of the sti'oke and then expand- 
ing to a lower pressure. It is neceGsary in starting a train to nae 
the steam to nearly the full strobe of the piston, hut, as tlie 
engine gains in speed, the link may be raised by moving tlie 
reversing lever toward the center of the quadrant. Tiie notches 
in this quadrant are measured and the degree of cut-off stamped 
thereon, eo that the engineman luay know what jwrtion of the 
stroke the steam is following, Tlie weight of the train and the 
features of tlie road will determine what is the best point of cnt^ 
ting off in order to maintain a certain speed. This must be left 
entirely to the judgment of tbe engineman. 

The Greatest Economy will be secured if tlie engine be rua 
with tiie throttle wide open and the travel of tlie valve adjusted 
to the load. 

This is subject, however, to some modifying circumstances, 
the train is a heavy one, and the engine working up to nearly its I 
full capacity, the lieat and moateconomical results will be attained; I 
it, however, the boiler ia detective in design, or the fuel bad, ( 
the boiler too small for the cylinders, tliere is a ]K>ssibility.ttiat I 
the steam may be cut off so early in the stroke that after expan- 
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aion there is not force enough in ttie exhaust Bleom to create the 
necesBar.v draft for the fire, anil it will be founil difficult to keep 
up eteajn. In this ease the pressure may he lowered, or the throttle 
may he closed somewhat, the lever moved a notch or two further 
forward until the exhauet hna sufficient influence on the draft to 
keep a brisk, fire and the boiler furnishes the proper quantity of 
steam. This is the reverse of true economy, but it sometimes 
happens that it is the only way out of a. practical difficulty. 

The engineman lias, of course, to give his main attention to the 
track and be on the lookout for signals, etc. Still, he should at 
all times know the condition of the fire, the height of water, and 
pressure of steatn. 

The Firing should he regnlar and frequent, and the fire itself 
kept constantly in that condition by which it is found to generate 
sufficient Bteam for the work to be done. It should under no 
circumstances t>e allowed lo get so low as to afieet the pressure of 
steam in the holler. Wiien approaching stations at which there 
is to be a somewhat lengthy stop, the flre may be charged with 
fresh coal and run for a short distance with the fire door open to 
reduce the pressure. When approaching the terminal station, 
the fire should be allowed to burn so low that there shall be only 
steam enough to reach the engine-house. 

The management of the fire depends entirely upon the steaming 
capacity of the boiler, the fuel used, and the service in which the 
engine is employed. 

The Snpply of Feed-Water to the boiler should be regular and 
constant. If an injector is used, it should be only of such size 
aa will permit a constant flow of water into the boiler. If pumps 
are used, the supply cocks should be adjusted so as to accomplish 
the same thing ; in general but one pum]i is needed to supply the 
boiler under all ordinary conditions. The water should be kept 
at a height which will show two gauges of water when running 
on a level. When running up or down an incline allowance 
must be made for the change iu level oE water, especially when 
going down graiie, that the crown sheet be not exposed to the 
action of the fire by uncovering. 
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(jradefi. — It IB important that the water-level be caretnlly 
alten<leit to when running over steep grades. Before ascendinp 
ench a gmtlunnextraBupply of water should be(eilintothel)oiler; 
this extrn supply forms a reserve of water alreiidj- tieated to the 
boiling ]wint at the etenm pressure then eiiiployeil. It the pres- 
sure of Blenm can be carried aomewhat higher witliout blowing off 
at the safety valve, it is a good plan to do so, and will malie this 
reserve of hot water in the boiler all the more efficient ivhca 
needed. The engineman niiiat decide for liimseK the qusntity of 
water it ia safe to carry over that regularly employed. K too 
mueh water 1« fed into the boiler it ia very apt to cause priming. 

In running down a graile the water-level will require to be 
nearly as high as wlien going up a grade. The water should, on 
the steepest descent, cover the rear end of the crown sheet at least 

Features or the Road.— One of the tirst duties of a person 
employed on a locomotive engine, apart from its care and manage- 
ment is to learn the features of the road. No jwrta ol the road 
require greater vigilance and caution in running over them, than 
the up and down grades. It is quite a common occurrence Uiat in 
addition to tliese grades tliere are aharp curves, tunnels, bridges, 
and trestle work. 

It is obvious that mere training in mechanical slcill, in technical 
knowledge of the locomotive, or even a thoroujih knowledge of the 
roadbed from one end of the line to another, will not of themselves 
make a uiau a fit person to have charge of a locomotive. He niDst 
posess at least this mucli of knowledge and skill, but lie must in 
addition, have A good clear brain, cool judgment, steady nerree, 
in>od eyesight nud entirely free from color-blindness, be must be 
quick to discern and prompt to execute. 

Priming may l>e causeii by impurities in the feed water, lint 
oflener ]>erliii|>a hy the insufficiency of the lioiler for the doty 
required of iL The evajiorative capacity of steam boilers is 
« geuerrti Ihing equal to the maximum ca|iatity o( the cylinders ia j 
nluinry ]insseni:er and freight euiiines. Tlie practice is liecoming I 

■jf e general to furnish larger boilers for the same cylinden tlian J 



■wan cliatomary a few years Binoe. Willi Iheae larger boilers there 
will aIbo be less of prtniiiig. 

Priming may easily bo <lelecte<l by the motion of tbe water in 
the glass water gange, or by the "flutter" of Ihe gauge oocta when 
opened. Priming may also be ileteoteil by the cliauKe in the 
sound ami color of the exhaust; the eound l>eing lieavier, and tbe 
«S(»liini' filenni whiter and has a misty appearance. Aa soon as 
priming is observed Ihe cylinder cocks should lie openeil and kept 
open so long as tbe watpr Is seen coming Iroiii Uieni, the Are door 
Bhould ho oj>ened, and if there is plenty of water in the boiler tbe 
feed may l>e shut off; Ihe Ihrollle valve should t»e partially closed 
wbicb wilt allow a jiressiire oC steatn to neeumulate and so deter- 
mine at once tbe true wnler-lovcl, if lielow that at wliicb it sboald 
1)0 unrried, llie Are door may be doseil and the pump set to work- 
ing, still keeping the Ibrotllo {larliaDy closeil uiilil the water 
hepns to rise in Ihe boiler, and Ibe i>res8arn of steam to Hccumu- 
late, after wliich tJie throttle may be again opened gradually, until 
the regular speed is attained. 

Oiling.— This duty usually belongs to the fireman. Gootl oil, 
and tbe liest oil eupa for the purpose, only alionld be Hsed. When 
arriving at a station one of the first things to liedone is lo examine 
the several liearings to aBc«rtain whether or not they have become 
liot, dry, or cutting. This can lie done very readily liy an expe- 
rienced person by sense of louch. Mineral oil is commonly used 
for lubricating lint a supply of good lard or sperm oil sliould Ijb 
«onatantly at band for use on hot bearings. 

I( the Ijearing is very hot it slionid l>e cooled with water Itetore 
applying the oil. 

The 8np|»ly of Water nud Fuel iji the tender should never lj«- 
allowpil to become fully exhausted. The location of these snpply 
stations must be exactly known by the engineinau amt fireman 
and the supplies of liotb laid in iit sucb stations lis may l>e on Ibe 
side of safety, if no re^nlation of the road reipiire it to lie done at 
liarlicnlar j>oints on the line. 

Cnrres. — In approaching curves the sjieeil iif a train should he 
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less tlian on n Htrxight truck, tbu diniination in 8i>e«il being i 
proportion to the nulius of tlio curve; the sharper the »:nrveUt 
lees should be the epeetl. The tentleiicy o( the train whew enter- 
ing upon B curve is to continue in n Htmight line, Rnil, the ^reat^ 
the velocity the grenter the danger of running off tho track. 
Another reason for a slower speeil in jinsaing curves is the short I 
distance at which tlio track can be seen in advance oE the train, f 
Hhoulil there be an obstruction on tlie tracli, or a danger signal, 
Ihe train might not be stopped in time lo prevent accident if run- 
ning at u high speed. 

Bridges.— When approaching a stream keep a sharp lookout \ 

for signals. The train should be slowed down to five i: 
hour in crossing n bridge of any considerable length ; if it ia ft I 
wooden briilge the ash-pan damper must lie closed until the [ 
opposite el)ore is reached. In the case of covered bridges, the 
engineman should be specially careful that no sparks or live 
coals and cinders be thrown from the chimney. 

incase Uio bridge should contain a draw, the train must be 
brought to a full stop 1>eCore crossing, and should iiot then 
attempt it tintil llic signal bo given that all is clear. 

In Approaching a Station the speed should be reduceil so that 
the train will not enter at an unsafe velocity. There are peraons 
wlio will stand on the track about the stations, and ai'e thus liable 
to be run over; there is always more or less of driving, loading or 
unloading of goods, etc., which sometimes temporarily encroaches 
tipon tbo train limits. The steam should be shut ofT from the 
engine at a distance of half or perbaita a full mile before reaching- 
a station, depending upon the grade and condition of the track. 

It is safer to enter at too slow a speed than too fast, (or it is an 
easy matter to give the cylinders more sleaui, if necessary, to bring j 
the train to the jiroper position. 

Contlnnons Brakes are now in such general use that no road is | 
considered perfectly equippeil which does not iiave tliem fitted to 
all the passenger cars on tbo line. By their application the train 
ifl placed under comiilete control of tiie engineman. Tlie brakes J 



fihould, ill all cases, bo npplieil gradfially and bo prevent the disa- 
greeable Bhocks ami jerks to nliich the cars are Hiibjected when 
applied suddenly. 

Tile Dntles of aii l^ngincman me too variouB to he enumerated 
in a fiingle cbapt^r of a email ]i!ind-l>ook like thia ; it Is intended 
that only tiiB more prominent duties required of liiin lie given. 
A cbiipler on jiecidenta might lie added, bnt it would tarry this 
subject lieyoiid the narrow limits aeaigned it In case of accideut 
the judgment of the engiiiemaii and those employed on the train 
will decide what is heat fo be done. This mere outline of the 
duties of a[i engiiiemnu and fireman as here given will no doubt 
be of interest to those who wish to know Komotbingof wliatia 
exjieuled of tbein, but who have no expectation of entering any 
railway service or of having to do the work theniBelves. 

Color-BlinilnoMi is a defect of vision by whicli the person 
affected is unahle, in a grealiT or less degree, to distinguish colors. 
This defei^t may either lie congenital, i. e. color-hlind from birth, 
or it may be acquired ; it may also be complete or partial. 

It would be entirely out of place to enter into the cansea ot 
color-blindness in this little hand-lNHik. The only object in intro- 
ducing the subject at all is to point out some of the jiosfiible 
dapgem which might result in mistaking one signal for another. 

Total color-blindness is quite rare and represents the entire 
inability of n person to distinguish belvreeu colors of any kind. 
To such a ]ierson there is simjiiy a gradation of light and shade 
aeconlingiy ns the color may be of greater or less intensity. The 
visual eOect upon b. person who is color-blind in looking at au 
oil ]minting would l)e much the same as that upon another who 
could readily disliiigniEh colors, were he lu look at a similar draw- 
ing, executed iu black crayon instead ot colors. Such a person 
could not distiuguiBh between a red, green or blue dag or lantern. 

Partial color-blindness is by no means nucouimou, and includes 
BUoh detects of visiou as ariao from the inability ot a person to 
■UstJiignish one or more jiarlicuiar colors from others. Tliua a 
person may not he able to distinguish a green from a red ilag or 
lantern, yet may be able to distinguish a bright yellow, blue, and 
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some other colors. Tlie tlirep kintls i>f (■artial t.'olor-bliDiIuees 
most likely to otcur am boiub of the foltowing:- 

1. Ked-blindncBS. 

2. tireeo-blindiieBB. 
S. Yiolet-blindneBe. 
Althougli tbia dassificatioa ia only partial, and aomewhat'l 

unaatiafactory, it will iievertlielesa atiawer our i>rt;Beut piirpoae, as ' 
tLe colors generally iiseil in HignnlB are white, green, nml red; of ' 
which while indicsles a I'lear traL-k, Kjoen 18 ft sigtml of (.-aution, 
and red a signal indicating danger and which should c 
train to bo brought to a full stop at once. The ordinary defect in i 
reading signals by one who ia jiartially color-blind is that of eon- 
founding red with green. 

Any person who poaseaseB this chro:riatic defect ahoutd not tor 
a moment think of entering the service of any railway company, 
if be ia to 1>e employed on the trains in any enpacity in which he 
shall ever be called ujwu to place or read signals. Especially 
should a person who is in. Iraining for a locomotive engineer be 
carefnl to satisfy himaelf in regard to lliis matter. Not the least 
of the requirements for an engineman or £reman should be the 
ability to read signala at uigbt by mouienlory flashes, or the deter- . 
mining of colored lanterns at long distances, 

Color-Bllndness In Hallway Employees.— The evidence fur- I 

niahed by recent examinations of railway men disclosea the fact i 
that color-blindness exiats to an extent scarcely a uapected a 
j-ears ago. In all caaes where tlicre is direct conflict of evidence I 
sa to the state of the signals, it would he at least advisable to have 
the witnesses tested for color-hlicdnessa. 

" Dr. Keyser," of the "Wills Eye Hospital, Fiiiladelpliia, has 
recently examined a number of railway employees engaged on the 
syatema centering in .that oily, and according to his report to the 
State Medical Society, 3J jier cent, of the whole number mistook 
colors, and 8} per cent, additional were unable to diatingniah 
accurately the shades of colors. Among those examined were two 
men who could not distinguish reil from green on tests, had 
educated themselves to know tbat red was an intense color, and 
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thus dfstingaiBlie<l bright reil etgnala, but at the eame time bright 
greens and other bright colors were reil to llieni. For tbese they 
would Btoji tbeir trains, niiit so err on the safe sidt'. On tlie other 
hand, dark reds, dark tti'eens, and hron-na were all the same to 
them, thus making those colora useless aa signala. Another pecu- 
liarity in one cnae was the ability lo diatinguish bright red close 
by, bnt not at a distance. 

" A color correctly recognized as bright red at three feet was 
invariably called green at ten feet and beyond." 

Roles Ibr Ensin«men> — The following rules are those adopted 
and in use on the Pennsylvania railroad, and are subetantially 
those in use by all the railway companies iii this country. 

Enginemeu report lo, &nd receive their iiislriiclions from the 
division su]>erinteiident. Whun in the shops, they are under the 
direction of the master mechanic, or foreman of the shop. 

They will obey the orders of the road foreman, of engines, in 
regard to the working of their engines, and the proper use of fuel, 
stores, etc. 

They must obey the orders of 11i(? tniin master, depot master, or 
^lespatclier, in reganl to siiifting and making up trains. 

They are undertbeordersoE the i-onduttornt the train in regard 
to starling, stopping, sjieed and general management of the train, 
siiifting cars, etc., hut they will not obey any oider that may en- 
danger the safety of the trade, or require violation of rulea. 

They must have their engines in gooil working order, supplied 
with the necessary stores and tools, fuel and water, an<l tlie steam 
up, ready to attach to tlie train, at least thirty minutes 1)eforo the 
schedule time for starting, and as much earlier as directe<l by tlie 
foremen of thu sliop, or despatcher. 

Tliey must have in their i>0SBesslnn a iHipy of the rules and 
regulations, the time table, and ii full net of aignala in goo<l order, 
and ready lor inimedinle use. 

They will bo fumisheii a watch by the division suiieriiitendenl, 
and will be lield resiionsible for its safe keepiu);. TLiey nmst n^- 
iilate it by the atundnrd ch)ck ol the coniiiauy, and couipare time 
WttU the conductor at tliu tiain at the i ommencemenl of each trip. 

Tlieyinust obey jirompiiy ah signals given hyatatiou agents, 
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tel^raph operators, liaik rejiair men, wntthmen, con<lnctoK, c 
trainmen, even tlioiigli they uiity think audi sitnii^s v 
When ilk tloiilit a» la slie lueaniiig of a signal, they mast atop on^ 
ascertain the caii«>, and it a wrong signal in gIiowii, they will 
report the fui:t to thtt iliviaioa superintendent. 

They must note that Ihe day and night watL-hmen are at their] 
posU, nnd report to the division superintendent au}- negii'it < 
duty they may observe. 

They niiiBt use xpeeinl uareincoup1ingands]iifttn);oi 
injuring tlie traiu-nien, and must always slart ami stop ttieilq 
trains cautiously, without sudden jerkin);. 

They must not permit Stiuks ot wood, Tjurning cotton waste, C 
hot ciudera to ho thrown from Ihe engine or tender whilo h 
motion, and must use every precaution against fire whei: 
bridges or buildings. 

They are not i>ermitleil to clean Itieir ash jiaiis ou ' 
track, unless at iKtiuts specially designated by tlie division anpc 
intendent. 

They must not leave their engine during the trip, excej 
cases of necessity, and must always leave the iireman or s 
other competent person in charge of it. 

They will be provided with checks for wooii, coal, oil, and ti 
and they will not be furniahed with tutl or stores, unless a i 
for the correct amount is given the station or storekeeper. 

They must report the condition of their engine to the i 
mechanic, or foreman of llie shop, at thocnil of each trip, and » 
BBsiat when calleil upon, in making any repaim that may b 
necessary. 

They may Ije retjuiTed when nut in activtt service ou llie rojitl U 
work ilk Uie shoi)s, and will tlien lie Enhjeet to shop rules. 



Rulex for F Ir omen r— Firemen, when on the loiwl, an 
the direction of the eiigiiiemaii. Wien in the shop, tliey t 
under the direction ut the muster mechanic, or foreman of U 

Tbey will obey the orders of the road foreman of engines ix 

rt^ird lo the pi'oiier use of fuel, luid manner o£ firing. 

Ihey must Im with their engines at least thirty mluules beftU 
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the lime of starting, nud vonEorm lo flny directions they may 
receive from lUc foreman o( sliop, or deeijiatcher. 

Tliey must supply tlie engine regularly witli fuel and wate^ 
at the iliscretion. uf the cngineiuan, assist in oiling, iinQ use the 
tender brake in Hcctirdance with his ordora and ejgnala. 

They wilt assist in keeping a conslaot lookout ujKin the track, 
aiidmuBtiiistantly give the engineman notice of any.obBtruction 
they may j^erceive. 

They must make themselves thoroughly familiar with the train 
Tiiles, particularly those that apply lo the ]>rotection of the train, 
and must understand the use of the Eignals, end lie prepared to 

36 them iiroiuptly, 

Tliey must take chai^ of the engine Bhoul<l the en^eman at 
any time be absent, and uot leave it until his return, nor suffer 
any person not duly authorized lo lie upon iL 

They will not attempt to run. an engine in the absence of the 
«ngineman without permission from the division Eii[ierintendent, 
unless under some emergency they bo directeil lo do so hy the 
conductor, or some officer in nulhority. 

They must assist in cleaning and i>olisliing their engines after 
every trip, and in making repairs when required. 

They may lie I'eqiiireil, wlien not in active eervice on the road, 
to work in the shojis, and will then be subject to shop rules. 

RulesforRonil-FaremanorEnglnog. — Road-foremen oEeng^es 
report to and receive their orders from tlie division superintendent. 

They will obey all orders of the superintendent ot motive 
ipower, find must report to him as he may direct. 

They are required to ride frequently njMJn the engines, and give 
instrnctions to enginemen and firemen in regard to the proper 
working and firiiigof engines, with a view to obtaining the best 
results in the consumption of fuel and stores. 

They will give particular attention to the engines for generating 
ete&ai, and observe that t])o regulation pressure is not exceeded, 
Au(l tliat the lioilersare washed out ax often as may he necessary. 

They must see that the engines are eiiuipjie<l with signals, tools 
and every article necesHary to their efficient working, and that the 
injectora, air'pnnijis, etc., are in good working order. 



They wUl advise the divisioii eiii>erinteni1eitt ol the numbei' of | 
CBta to be allowed to each vlaea of engines, and report to liim 
when eo^iDeers of througli freiglit trains are sot given cars to I 
their full capacily, or when any engine is overloaded. 

They will conault and advise fretinently with the maater i 
mechanic and shoii foreman, in reganl U> the daily condition and I 
reqiiirementB of engines running upon their divieione. 

Tliey will report to (he division superintendent the qualifica- 1 
tions of enginenien and firemen, anil any violation of rulea or ] 
neglect of tiaiy whicli may come to their knowledge, and keep I 
him advised of all matters relating t^ ttie economical and efficient 1 
working of the engines and tlieir crews. 

Slgnftls.— There is no eatablislied code of signals in hhb by the ( 
railroads of the tTnited t^lateH ; the following are those of the J 
Penusylvuniii Koilroad, and are in general tiiose employed by J 
other roads : 

Red signifies danger, and is n signal to stop. 

Greea signifies caution, and in a signal to go slowly. 

White signifies safety, and ia a signal to go on. 

Green and white is a signal to be used to stop trains at flag- 
stations. 

Blue is a signal to be used by car inspectors. 

Flags of the proper color must Iw used by day, and iaiops of j 
the proper color must be iised at night, or in to^y weather. 



e used aa caution signals, they I 



track, a flag, hat, or any object 1 
1 Uiu traclc, signifies danger, and J 



flags or re<l lanterns must 
always signify danger— slop. 

A lantern swung across tin 
waved violently by any person 
is a signal to stop. 

An exploding cap or torpedo clamiied to the top of the rail, is. 
an extra danger eignal, to lie us(!(l in addition to the regular sig- 
nals, at night, in foggy weallier, and in cases of accident or, 
emergency, when other signals cannot be distinctly seen or relied' 
upon. Tlie explosion of one of these signals is a warning to stop 
the train immediately ; the explosion of two of these signals ia a 
warning to check the epeeil of tlie train immediately and look out, 
k lop the regular danger signal. 



A fusee is an extra <^utioTi (!i)-nfl1, to lie lighted anil thrown on 
the track at frequent intervals, )iy the Aagmen of pasHcnger trains 
at night, wheneverthetrainisnotmakingseheilule speed hetweea 
tele|p-aph Etations. 

A train, fioiiing a fusee burning ui>on tlie track luiut come to a 
full stop, and not proceed until it is burned out. 

Englneman's .SigrnalH.— By signals. One short hUst of the 
whiBtle is a signal to apply the hrakea— et«p. (Tlius ■■ ). 

Two Inny hlaeta of the whistle is a signal to throw ofl* the brakes, 
(Thus ). 

Two ihort blasts of the whistle when running, is an answer to 
signal oE conductor to stop at next etaliou. (T)iiis - - ). 

Three nhorl blasts o( the whistle when standing, is u signal that 
tlie engine or train will hack (Thus ). 

Three short blasts of the whistle when rnnning, is a signal to he 
given by passenger trains, when carrying signals for a following 
train, to call the attention of trains they psss, to the signals. 
(Thus ). 

Four lonff blasts of the whistle is a signal to call in the flagman 
or signalman- (Thus ). 

Four short blasts of the whistle is the englneiuan's call for sig' 
nals. (Thus ). 

Two long followed by two shoH blasts of a whistle when 
running, is a signal for approaching a. roa<l crossing at grade. 
(Thus ). 

Five thoH blasts of a, wlustle, is a. signal to the flagman to go- 
back and protect the rear of the train. (Thus ), 

A succession of »horl blasts of the whistle is an alarm for cattle, 
and calls attention of trainmen to ilaager ahead. 

A blast of the whistle of five seconds duration, is a signal fur 
approaching stations, railroad crossings, and drawbridges. 

Conductors* Signals. — By bell conl. A signal hell is placed 
over-head inside the engine cab, a coril is attacheil to this hel! and 
passes tlirongh to the rear platform of the train. 

One lap of Ihe signal bell when the enginii is staniling, is n 
le to start. 
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Two taps of the signal bell when the. engine is Btanding, is a 
notice to call in the flagman. 

Two taps of the signal bell when the engine is running, is a 
notice to stop at once. 

Three taps of the signal bell when the engine is standing, is 
a notice to back the train. 

Three taps of the signal l)ell when the engine is running, is a 
notice to stop at the next station. 

Signals hj Lamp:— 

A lamp swung across the track, is a signal to stop. 

A lamp raised and lowered vertically, is a signal to move aliead. 

A lamp sw^ung in a circle, is a signal to move back. 




■Ji.it ioT CombUBtion.. 

Jiir Pumps 71 

Allen, J. M 66 

Anthracite Goal 9 

Approaching a ijtation 120 

Automstic Engine, care of... &i 

Balancing Slide Valves 62 



Bituminous Coal 9. 

Blistered Plates J 

Blow-off Cock ■ 

Blow-offPipe 

Blowing out Boilers 

Blue for Signals 11 

Boiler Appendages 

Boiler Covering 19. ! 

Boiler Explosions I 

Boiler for Planing Mill 1 

Boiler fur Portables '• 

Boiler, Materials for ; 

Boiler Power ; 
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Boiler, selection of _ '. 
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Brake for Portables li 
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CarboD and Oxygen 
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Cast-iron Fronts for Porta- 
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Check Valves for Portables, B3 

Chimneys 39 

Circulation of Water^ 18 

Circulation in Boilers 14. 24 

Cleaning Tubes 42 
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Coal 9 

Coal and Wood, heating pow- 
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Collapse - , 26 

Cotor-Blindness '. 121 

Combustion 7 

Condensation in Cylinders... 20 

Condensation of 8teain„ 70 

Condensers _ 70 

Conductors' Signals 127 

Connecting-RM 101 
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Construction of Engines 14 

Continuous Brakes ISO 

Copper Thimbles for Tubes, 89 
Corrosion of Boiler Plates... 57 

Cost of an Engine 66 

Couplings, breaking of_ 115 

Covering Boilers and Pipes... 19 

Cranked Shaft 102 

Crank -Pin 80. 103 

Cross-Head 101 

Crown-Sheet, in Portables.- 87 

Curves 119 

CuHhioning 78 

Cylinder Kiilere 24 

Cylinders, condensation in... 20 

Cylinders, for Portables 98 

Cylinders of large diameter.. 64 

Dire(!tions tor running a Por- 
table 106 
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Distilled Water 

Dmin Cocks 
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Gauge Cocks for Portables—. 91 
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Governor for Portables ..H 

Gowmor Repairs S 
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Grate Bhtn I 
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Evaporative Teats 
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Exhaust Steam 
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External Corrosion 












Hiind-holes ' 




Hard Water, boilers for- 
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Horizontal Tubular Boiler... 




Fire-box Boilers 
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Firemen, rules for 
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Horse Power of a Boiler 

Hot Bearinfffl Jl 

Hydraulic Test „.. 

Hydrogen -„, 




Firing on Locomotives 




Five-flue Boilers 
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Injectors. 33. 84.1 
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FIv-wheel „ 

FIv-wheel for Portables 

Foaming, or Priming 43 

Force Blast 

Foundation tor Engine. 

Foundation for Furnaces... 

Fuel 

Furnace 

Furnace, construction of... 

Furnaces for Boilers 

Fusee, signal 
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Jet Condenser ^,.. 
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Keyser, Dr., on colfavMMfer 
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Lagging Cylinders 99 

Lanterns _.„1K 

Lead 78 

Leaks in Boilers 51 

Leaving a Station 115 

Linic Motion- 104 

Location, of Engine. 67 

Locomotive, care of. 113 

Looee Eccentric 78 

Loss in Sieam Engines— 15 

Low Water. 43. 108 

Lubrication 77 

Magnesia in Scale 47 

Main Bearings 84. 102 

Measurement of Heat IT 

Neglect of Steam Boilers 60 



Open-botloni Fire-boiea... 

Over-presaure 

Oxygen and Carbon 



Packing „ 79 

Patching Boilers 52 

Petroleum for Scale 49 

Pipes, covering lor. ., 19 

Piston _ 100 

Piston Fticking 79 

Piston Valve for Portables... 99 

Raning Mill, boiler for. 24 

Portable Engine 86 

Portable Engine, directions 

for using 106 

Potatoes, to remove scale 48 

Presauro Gauge 41 

Preventives for Scale 48 

Priming 43. 108. 118 

Pumps 33. 40 

Pomps lor Portable Engines 92 

Badiation 16 

Baling Steam on a Boiler... .113 
Hear Bearing for Portable 

Engines 102 

Eed for Signals. 126 

Relief and Safety Stop-valve 93 

Bepairs 83 

lieserve Power of a Boiler... 25 

Rules for Enginemen 123 

Rules for Fireuien 124 



ex. 131 

Rulesfor Road-foremen -125 

Rule for Safety-valve-.. 32 

Safety-valve 31 

Safety-valve for Portable En^ 

res 94 
Working Pressure - 55 

Sand, use of m starting IIS 

Scale. 47 

Scale Preventive. - 48 

Selection of a Boiler 23 

Selection of an Elaine. 61 

Shavings, firing with 24 

Signals. _ 126 ■ 

Signals by Lamp -128 

Six-inch Flue Boilers 27 

Slide-valve. 62. 77 

Slide-valve, fitting of. 83 

SUde-valve for Portable En- 
gines 99 

Smoke 16 

Smoke-box 96 

Soda for Scale 48 

Speed of Tntins. ...US 

Startinga Train 115 

Stays in Portable Boilers 8S 

Steam Blower 95 

Steam Boiler Furnaces. - 37 

Steam-dome 35 

Steam-drum 35 

Steam Engine, losses in - 17 

Steam-^uge 35. 41. 95 

Steam Jackets 19. 69. 82. 98 

Sleam-pipe- 34 

Steel Fire-boxes 113 

Steel (or Boilers 23 

Strainer 34 

Strainer and Foot-valve 93 

Stuffing Boxes _. 79 

Sulphate of Lime 47 

Superheated Steam 21 

Supply pipe for Portable En- 
gines 93 

Surface Blow _ 91 

Surface Condenser 72 

Tannate of Soda 48 

Temperature of Escaping 

Gasea 15 

Testing Boilers - 58 

Thermal Unit 17 

Tools for a Portable Engine-lOO 
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Torpedoes 126 

Traction Engines 109 

Transfer of Heat 14 

Tubes, diameter of....i 26 

Tubes, effect of heat on 113 

Tube Sheets 89 

Tubes in Portable Engines... 88 

Tubes, length of 26 

Tubes, space between 26 

Tubular Boilers 23 

Unit of Heat 17 

Valve Connection for Por- 
table Engines 103 

Vertical Boilers 27 

Vertical Boilers for Portables 97 

Vertical Engines 64 

Valve Rod 101 



Water :.. 44 

Water-bottom for Portable 

Boilers 89 

Water, effect of heat on 14 

Water, evaporation of 12 

Water-front for Portable Boi- 
lers 89 

Wagon for Portable Engines..l05 

Water Gauges 41 

Whistle 95 

Whistle, use of 115 

White for signals 126 

Wood and Coal, heating pow- 
er of 12 

Wood as Fuel 9 

Wood, composition of 10 

Zinc for Boiler Scale 49 



•^A PRACTICAL TREATISE* 

ON 

HIOH-PRESSTJRE 

Mi X^^ 

Including Results of Recent Experimental Tests of 
Boiler Materials, together with a description 
of approved Safety Apparatus, Steam 
Pumps, Injectors and Econ- 
omizers in actual use. 



Bt- 'W^ZiZiIASC 21. BAZlXt. 



Ona Vol. B 



FMCE. M-O*. 



[From Boston Journal of Commerce.'; 
"ThiB book IB written by a practical steaii engineer of long ex- 
perience, wbo certainly has the faculty of saying what he wants to 
-"•" 'n a way that is readily understood. He doea not deal with , 
ne boilers, but has illustrated very nearly every other kind oC J 
■team boiler of the stationary t;pe of which we know, ihowiBf 3 
r various advantages Id a comparative manner, aimply troimm 
inbiased standpoint. Facts are given rather than opiDiou; I 
and where nothing is known of the fact.be doea not base any taIim 
mebodyV opinion. The illustraliona are admirable, and tii9 
whole tone of the book ia one of careful reasoning ; the tables ais 
admirably arranged and very coraprebeaeive, witbont being prolix 
DT tiresome. It is strictly a practical hook by a practical man; 
does not advocate anybody's theory, but gives facts well illiutra- 
ted, carefully compiled, and treats of the subjects in a way which 
we admire very much. Bailer setting, grate bars, natnral and 



Ant kinds, ecoaomizers, safety apparataa. gauges— both prevare 
and recording, water gauges, gau^e cocks, safety plnga, iocmatatioii 
and corrosion, pitting and grooving, are all treated in a sensible, 
rational nay. The book should have a large sale among men wbo 
are seeeking information.'* 

We will send the above book to any address, postage prepaid, 
ipon receipt of the price. Address, 

TOHN BROTHERS, Publishers, 

INDIANAPOLia, \1K&. 



INDimiPOllS M[CHilllCiL JOURNll 

i-^;^A MONTHLY JOl'RNAL .;;?-. 

FRACTICAf, mechanism: AND THE PBOMOTIOS 

MANUFACTURING INDUSTRIES. 

O^SUBSCRIPTION PRICE.'or? 

«NB TEAR, , FIFTY CEN^ 

IT^ ADVANCE. 

Handsomely Illustrated Every Monti 



B^^MannfacturerB will findit iin invaluable adrertiaing medH 
through which to reach users of Iron and Wood-Working Ifaotd 
erjr and Supplies throughout the entire West, Northwest ■ 
Southwest. 

OADVERTISING RATESO 

Made Known on Application to the Publishers. 



J. H. Kerrick & Co., Publishers, 

DELAWARE AND UARVLAHD STH., 

IMDMJfAPOLIS, . 

Will send this boolc and the Indianapolis Meohakiqal JonraM-] 
«ne year for tl.OO. 



WE HAVE THE LARGEST 

IN THE UNITED STATES. 

MO ARE PREPARED TO FILL ORDERS FOR ANYTHING IN THE LINE OF 




STILWELL'S 

Patent Lime-Extract li« 



COMBINED 

s the OSLY LlME-EXTBACTHfG HEATKR tbnt will 

rovoa'b @oal@ la. €(to&Ba Eteilers. 

REMOVES 

All Impurities 

From the Water Before It 
Enters the Holler. 

THOROUGHLY TEBTBD, OVER 

of ihem in daily use. This cut in > fac- 
simile of Ihe .ppear.nce of a No. 5 Healer 
Bl woik on ordinal}' lime-water when ihe 
door was removed after Ihe Heater had 
been running two weeks. 

Illush-atcd Catatogiies. 

& Bierce Manufacturing Go., 

DAYTON, ®MIO, 



COPE & MAXWELL P'FGCOJ 




Steam Pump IVorks, Hamilton, Ohio. 

The bighest assurance is given to parlies having use for STEAM, J 
PUMPS of any kind, thai in purchasing Ihe COPE & MAXffEIX ' 
PATENTS they are obtaining the very best, made from new patterns J 

and designs. The following styles are among iheir principal vact 

STEAM PISTON PUMPS, STEAM PLUNGER PUMPS, FIRE and J 

WATER WORKS PUMPS, ACID and SYRUP PUMPS, TANK 

PUMPS, MINING PUMPS, DOUBLE-END STEAM PUMPS, 

CRANK and FLY WHEEL PUMPS and BOILER FEED- 

ERS, POWER PUMPS, AIR PUMPS, UPRIGilT 

BOILER FEEDERS, COMBINED WELL 

PUMP and BOILER FEEDERS, UP- 

RIGHT DOUBLE-ACTING WELL 

PUMPS, PORTABLE STEAM 

BOILER and PUMPS. 

PUIWPS FOR EVERY PURPOSE. 

Send for Reduced Price List and 
Illustrated Circular. 

COPE & MAXWELL MANUFACTURING ZU 

HAMILTON, OHIO, U. S. A. 



^ PORTABLE-HOISTING ^W 


mTONARYmmiNis 1 


BOILERS, ETC. 
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IZaT;reria.ill Street, | 


B®Sir®M, MASS 


I 


u. S. A_. 


J 



KNOWLES' 



Patent Steam PumpsJ 

**THE STANDARD,**- 

Every Variety of Steam Pumping Machinery 
Furnished Under Guarantees. 




Water Works Pttmps. Vacuum- ' 
Mining Pumps, Air Pumps and Condensers. 
Automatic Air Pumps. Fire Pimps. 
Distillery and Brewery Pumps. 
Boiler Feed Pumps, Etc. 

The Host Comiilete Establishment of Its Kind In the World. 

CATALOGUES, ETC., ON APPLICATION TO 

IIOWIIS' SflAl PTJMF WQIUS, 

86 LIBERTY ST., NEW YORK. 



ST. LOUIS BOILER YARD. 



JOSEPH F. WANGLER, 



•=5-STEAM-^- 



•=5-0F EVERY DESCRIPTION'?'- 

LARD AND OIL TANKS, COOLERS, KET- 
TLES, PANS, ETC. ALSO 
ALL KINDS OF SHEET IRON WORK. 

General Repairing Done Promptly. 

N. MAIN STREET, NEARCARR. 

OlOie to 1093O 

Sfo lOUIS;, MO. 



A PRACTICAL TREATISE ON THE 

^1 COMEUSTIOIT OF COAL |^ 

Including Descriptions of Various Mechanical De- 
vices for the Economic Q-eneration of Heat 
by the Combustion of Fuel, whether 
Solid, Liquid or Gaseous, 



B-K- "WHjLIA.!^ 3^. BAK.E,. 



[Fro 



■r] 



"This i« ao escellent book, vrbicb, within a moileratc compsBar 
presents the theory of the Combustion of Ct>al, with a view to in- 
atnict the greater number of men who need this knowledge, but 
thuB far have been debarred from it by reason of the highly scien- 
tific style io which books on this subject are generally written. 
The author does not claim to present new views, and we rejoice at 
this disclaimer, as tbe accepted ttieory is now all that can he de- 
sired ; but what he does claim is the presentation of the subject in 
a correct and intelligible manner. He does not confine himself 
to coal alone, but also gives desciipLions of various mechanical de- 
vices for tbe economic genbration of heat, whether by solid, liquid 
or gaseous fuel. The paper and print are excellent, and aa great 
a credit to the publishers as the contents are to the author." 

We will send the above book to any address, postage prepaid, 
upon receipt of the price. 
Address, 

YOHN BROTHERS, Publishers, 

INDIANAPOLIS, IND. 



J. H. KERRICK & CO.. 

254 First Ave., South, 

MINNEAPOLIS, MINN, 

lEOM AMD WOOD-WOEZma 

MACHINERY, 

Ajid Supplies of Every Description. 




A Fall Line of Engrlues, Itiiilcri hnotvles Steam Pnnips, In- 

Jectors. Feed ^ater Uoattrs, dounior!*, Meam Fackins 

and F.n^lneere' Supplies Alwayti on Hand- A Fall Line 

of TANITE EHGBT WHEELS Kept in Stock. 



Steam users will SiaA il 

in this LINE before purchi 
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nloge I 



-geto 



- price 



my thing 



IMPROVED STEAH JET PUfflP. 

J. H, Kerrick & Co., 



264 rirst ATenue, South. 



IfimTEAFOUG, UQTN. 



m. WW^ ^PETY YJOiW wei^K? 



E. ^. I^-a.za.3s:le, 



MANUFACTUHER AND PROPRIETOR OF THE 



PATENTED MAY 4lh, 1875, and JULY 24th, 1S77. 



Is Prumiit iind EfBcienti 

I Will not Corrode or Slick, is Entirely 

Free from Friction, will Close Down 

without losing any of the fixed 

or desired pressure. Is 

Perfectly Automatic, 

a.nd is not only 

A Safety Valve In name, bat is, in fact, 

A WATCHMAN 

Against the destruction of Life, 
Limb and Property. 

Parties trisbln^ to five mj rntv« a triul, will pleuse send 
for Circular and Price List. 

OFFICE, No, 95 BARR STREET, CORNER WAYNE, 



■?>wiTH ADJUSTABLE VALVE. SUtCLIFFES PATENI.-S> 



THE MOST SENSITIVE GOVERNOR IN USE. 




It 



Wananled (o gfie Psrlect SatlifRoUon, and 
are sent out on trial. Try one. 



Cylinder 
2 to S liiDli' 



m- Tie BpcBd for each QoTernor !■ SUntped dh II. -V« 
AmoDgothera wlio hB>a Kid aid uaed throi nre the Dsluniler IroD Worki, Haw Turki 
BIHadtjElraa Worka; Bnrdea Iioii Workt, Eraoklju; Itali:her& Bnguill. Nair York 

JohnEe.l, L.n"»<lor, pBDn.;'Th< NewJoik iiiilLDrH- Deoky & Co-'^n "Worfc," 
Stm York; Colgate & Ct>> Suaji Faclorj ; Quinlari! Irnn W,>rki, Nbw York ; J. H. Kar- 
riok aCo.,lBdlan8jH>lia; Briinior a Duucao, AlloD, Illi anJ Gtesn S LawIflB, WaUih, 
Ind. 

DWIQHT ROBERTS, Manufacturer, 

291 W. ELEVENTH ST., NEW TOSK. 



PATENT GOVERNOR 

The Most Economical, Durable and Popular Governor in the Market. 
Perfectly Bilapled to every variety of Steam Engine, of whatever 
size, and especially adapted lo Portable Farm EngineB 
Filsexlre 

■ 5177/ laki mir 2,000 Cvvimors this year. 







Our A.4]nstable Speed eives a variation of over 50 per ci 

Oar Antomatlc Stop-MotiOO is unfailing in action, 

Our Composition Valves and Seafct have never been known to \ 

FurniBhed by dealers generally. For Circulars and Price-list, address 
8i OUTER STREET, 



BOSTON. MASS. ^ 



STAB ROBBER GO. 



TRENTON, N. J. 



FOR IWKCHAN-ICAX. PTJRrOSKS. 

BELT, 

E'.A.CirilSTa-, HOSE, 

Wringer Rolls, 

Grain Drill Tubes, 

Piston PackingJ 

WRITE FOR PRICES and DISCOUNTS. 



Harris-Coriiss Engint 

BnUt bf WM. A. HARRIS, Providence, R. 1., 

Has no Rival in ths following points of exoellenoe: 

ECONOMY OF STEAM AND FUEL. 

DURABILITY OF CONNECTED BOILERl 
DURABILITY OF ENGINE. 

ECONOMY OF OH 
— ATtO— 
iDCreased Wear of Grates, Fnrnace, PnnipH, Pipes, and all i 
Relates to the Proilaetion of Power. 



The Hegularity of Motioi 

of the Harris-Corliss Engine, under varying loads antf 

varying steam pressures, is the marvel of engineers 

and steam users, and is due to features peculiar 

to this engine, and found in none other. 



THE STOP MOTION ON THE REGULATOR J 

effectually prevents the engine from running away, shoul 
the regulator, for any cause, fail to perform its duty. 

iS-The Regulating Mechanism is entirely independel 
of the Valve Motion and immediately under the Eyeofti 
Engineer, "©a 

The Patent Self-Packing Valve-Sten 

dispense with Stuffing Boxes and Packing, and t 

power expended in moving the valve-gear 

is the least possible. 

The per centage of net effective power ; the power 
ized from a given piston speed and diameter of cylind< 
and the power realized from a given »;xpenditure of fi 
is greater with the Harris-Corliss Engine than with s 
other. 



THE LOSS OF POWER 

In OterCDinlng Frletlonal Reslitances 

In the Harris-Corliss Engine Uian Any Other. 

THE BABBITT & HARRIS 

Patent Piston Packing 

acknowledged by Engine Builders to be the Best in Existence, 
ittesled by years of use, and the adoption of it by nearly every repata- 
Wo Builder of Steam Engines in the country. 

The Harris-Corliss Engines are symmetrically proportioned to the 
iiameter of cylinder and stroke of piston, and buill lo scale drawings.. 
All the small parts are made lo gauge, and carried in slock. The cylinders 
are of hard, strong iron, and the crank'ShaCts of superior quality bun- 
inered wrought iron. The bearings on the crank-sha.fts are equal in 
length to the diameter of cylinder, and in diameter to half the diameter 
of cylinder. 

THE 

STEAM ® EXHAUST VALVE-SEATS 



— The Displacement of Other Engines by — 

Ths HASHIS-COELISS IITCEEASSS the SOILSB CAFACIIT 

from 25 to 50 per cent., and in many instances the inlroduelion of 

this engine has prolonged the usefulness of boilers 

that otherwise required renewal. 

H^ The Harris- Corlisa Englue Is Uuequaled b; any of iM compeHtun In 
GENERAL DESIGN, WEIGHT and SYMMETRY of PARTS, 

QUALITY of MATERIALS, WORKMANSHIP and FINISH, 
And witb m; Improved facillaoe Cor mannfactarlne I can InrnisU engines quick- 
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Addrei 



WILLIAM A. HARRIS, 

PROVIDBNOB, R. I. 



Atlas-Corliss Engin 

IS THE 

Latest aijd Best Coriiss Engine in tlje [^arket. 




We invite especial attention to the following points of 
superiority : 

1. SEPARATE STEAM AND EXHAUST-VALVE 
MOVEMENTS. The Steam Valves are operated inde- 
pendently of the exhaust-valves, and have a range of cut- 
off from o to )^ stroke, a feature peculiar to this engine 
and furnished by no other builder. 

2. REMOVABLE VALVE SEATS, allowing ira- J 
mediate replacement in case of injury or long wear. 



3. IMPROVED STEAM VALVES giving double 
the opening for the same movement usually given by 
other builders. The valves in this engine may be with- 
drawn and replaced at any time without disturbing the 

valve connections. 

4. IMPROVED GOVERNOR with positive movement 
giving the utmost regularity of motion. Self-adjusting to 
varying conditions of load without appreciable variation 
in the speed of the engine. An improved device by 
which the engine is immediately stopped in case any acci- 
dent occurs to the governor, is fitted to all Corliss engines 
of our manufacture, 

5. THE MAIN BEARING is contained in the same 
casting with the frame, and is filled with wedge adjust- 
ment to side boxes. The cross-head guides are made re- 
movable, and can easily be repaired or replaced without 
disturbing the main casting, 

6. THE HIGHEST EFFICIENCY, economy and 
durability are to be had in this engine, 

O'LLUSTRATED PAMPHLETSO 
will be sent to any address upon application. 

ATLAS ENGINE WORKS, 

INDIANAPOLIS. 

IND. 



"THE INDICATORl 

An IlluBtrated Journal of Mechanical Engineering and 
Applied Science. 



Edited by WILLIAM M. BARR. 



PUBLISHED MONTHLY, AT ONE DOLLAR PEK 
YEAR. SINGLE COPIES, TEN CENTS. 



It is the intetitioa to make this Journal a medium for the pre- 
sentation of original and selected papers upon subjects relating to 
Mechanical Engineering; engravingE* trill he made to better illus- 
trate the subject-matter whenever it is thought tbey would add to 
its value. 

Each number will have a double page folding plate, containing 
an engraving of a new machine, engine, or worthing drawing, to 
which reference will be had in the text; this will be furnished 
with the paper without extra cost. 

Original papers on various engineering subjects are now in prepar- 
ation for this Journal, and will appear from time to time, amplf 
illustrated with suitable engravings specially prepared. 

Reprints from foreign Scientific Journals will also be made, that 
ourreadersmay know what h being done abroad, and any engrav- 
ings which may accompany the paper reprinted will be reproduced 






We extend a cordial invitation to Engineers, Draftsmen, Manu- 
facturers. Machinists, Foundrymen, and all others engaged in the 
industrial arts, to contribute articles giving results of their practi- 
cal experience, and to malie this Journal a means of interchange of 
thought and experience. 
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